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ABSTRACT

Results are presented froin the final year of a 5-year program in research and development in hydrocarbon fuel
handling and contaminant control, along with 4 statistical analy«is of results from earlier tests performed to develop
procedures for evaluating filter-separator ' ier's, fuels, and fuel additives. The progrem included a large number of
tests in a single-clement filter-separator test . - »»~’ 2 variety of small-scale studies. A small coalescer Jevice was
developed and operated to study the role of filter-media parauieters in ;emoval of free water from fuel. In the water
separometer (WSIM) test, variability in coalescer disks was shown to be one of the primary sources of poor
repeatability: no significant improvement couid be made by the use of controlled washing or disk-conditioning
procedures, but the use of fine media offered some promise for improvement. In a small-scale investigation of
low-temperature plugging of filter media, it was found that addition of fuel system icing inhibitor (FSII) increased
the plugging rates. and that climination of the glycerol component of the FSII did not solve the problem completely.
In an investigation of analytical methods for the FSII content of fuels, it was found that the standard refractometer
method (Method 5340 in Fed Std 791a) gives results about 10% below the true values and that this systematic error
can be eliminated by using a different method of calibration. Large-scale tests on a Static Charge Reducer
demonstrated its effectiveness on several fuel blends at 300- and 600-gpm flow rates. The antistatic additive ASA-3
was effective in minimizing charge buildup in uninhibited JP-5 fuel but was less effective in these tests when the fuel
contained a corrosion inhibitor.

Distribution of this Abstract is unlimited.
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SECTION |
INTRODUCTION

This report covers the final year of a S-year program in research and development in hydrocarbon fuel
handling and contaminant control, plus a more complete analysis of earlier tests concerned with development of
suitable t=st procedures for evaluating filter-separaior elements, fuels, and fuel additives.

Other phases of this work have been conceined with development of a small-scale device for studying the role
of various fiiter-media parameters in the coalescence of free water from fuels, the problem of media plugging at low
temperatures, the effects of various factors on water separometer test results, the determination of fue! system icing
inhibitor concentration by the refractometer method, the effectiveness of a static charge reducer apparatus and an
antistatic additive, and the feasibility of determining solids contents of fuel and water by means of silver membrane
filters.

A number of related subjects have been studied both in the earlier years of this program and during the final
year reported here. These studies are described in earlier reports(l"’)*.

Appended to this report are complete data from 93 single-element filter separator tests. Including earlier
reports, complete data from 330 tests have been reported.

*Raised numbers in parenthescs refer to the List of References at the conclusion of this report.
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SECTION H

TEST FACILITY AND EQUIPMENT

1. Test Loop

The test loop used in the experiments considered herein has becn described in detail in a previous report.(3)
The primary objectivc in the design of this loop was to ensure its adapiability to 2 wide variety of test conditions in
experiments with single elemenis or with filter-separator assemblies. Aluminum and stainless steel were the principal

materials of constru:tion; no copper alloys nor
carbon steeis were used for fuel-wetted parts. For
purposes of identification in this report, this
facility is termed the Al/SS loop.

A simplified flow diagram of the loop is
shown in Figure 1. For the work reported herein,
fuel was pumped into one of the two tanks shown
in the diagram and recirculated through the test
system and back to the same tank. The volume of
fuel used in ach test was 600 gal, and the flow
rate for most tests was 20 gpm.

The water-injection system is independent of
the water-main pressure and can be used with
water of any desired composition. In the majority
of tests considered herein, filtered water from the
mains was used.

Ahead of the water-injection point, dry fuel
is drawn to feed the solids-inje<tion systermn, which
is shown schematically in Figure 2. Dry-solids
injection was used in most of the work reported
herein, but premixed slurry was used in a ftew
tests.

In order to give the reader a general idex of
the efficiency of the dirt feeder used in the loop
tests reported herein, the following table was
prepared:

Type of solids

Coarse AC dust

Fine AC dust

ked iron oxide (I-116)

Red iron oxide (R-9998)
Grounld iron ore B-00985)
Black iron oxide (*N”)

50% fine, S0% coarse AC dust

m

-0 o
Outaide b | ——
Fusl 1
c ~bd-
Fuel
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Promure
Control Vobve “
Homl T—— 1!
Exchanyger >
infivent Totalizing
Totamitor Flowmeter
Fue | Additive
Pump tnjection
b — — e e, e _————— 1 Rotameter
|
i
Dry Dirt or {
} Siurry Fost i
: Flow
inpaction Pump I
F
Woater Inaction | PO u‘_s.';__LE — ——
e
’ et
:) P o |
21
. i, i
I— ]
|
r-==1 Connections for ' _—
1 | Aunshary Equipment L{ . 1
e
o Efuent L
o Totamitur Lieenuy
Sechon Fiter Seperatnr

FIGURE . SIMPLIFIED FLOW DIAGRAM
OF At/SS LooP

Mumber of tests aceitacy of delveiy

14] u3 4

4% 9l o

6 {4 9

7 0
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2 11 4

16 URIKI

Percent accuracy of delivery with the different contiamiants was calculated by determuung the elemeis wehit gain

due to solid contaminait retention dunng a smgle<tement loop test (dit recovered), dividing that higure by the

nominal dirt delivered into influent tuel durng the tesi, then ouiltiplying by 100
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FIGURE 2. SOLID-CONTAMINANT SYSTEM

o |

Teex Liument !
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Trough

FiGURE 3. PRESSURE-CHECK TROUGH

Suzh extra handiing of the element prior to test 15 somewhat und=sirable because of the nossibitities of

Essentially all of the woik reported
herein wa: performed with an Rin.
alummum housing equipped with a single
military-standard element and a double-

wall PTFE-coated screen canister. Erief

studies were made with a transparent
housing designed for observation of flow
patterns. Both of these housings are
described in detail in Referance 3.

The clay filter siown in Figure 1
was instailed during the latter part of the
program. It is a Peco Series 34, Model
34-3-736D, rated at 42 gpm, with three
Peco Mo. PC 736-D clay cznisters.

2.  Pressure-Check Trough

During the latter portion of the pro-
gram, the fuel flow resistance of each test
element was measured for correlative pur-
poses. This was done immediately hefore
each test by mounting the elemc-t in an
open trough containing fresh, uninhibited
JP-5 fuel and measuring the pressure loss
(AP) while pumping fuel through the ele-
ment at 20 gpm. This apparatus is shown
schematically in Figure 3. The pressure
probe was designed to eliminate any veloc-
ity-head effects. The fuel temperature was
not controlled, but was generally 60 to
70°F or,in extieme «ases, 55 to 75°F. This
apparatus was used to check most of the
element starting with Test 220. Origi-
nally, a t5-in. mercury manometer was
used to measure the AP, positioning the
manometer to eliminate fuelleg correc-
tion. After Test 298, a pressure gage was
used. All elem:ent AP values in this report
are expiessed in psi.

physweal damage and of changing the Jdement’s performance charactenstics. Earlier, an attempt had been made to
abtatn element AP values by measurements on the test housing and canister, with and without the element. As
descnihed fater i thas report, the low charactenstics w the housing are alicred >0 drastically by the piesence of the
clement that so vahd measure of elemeznt AP could be obtained by this method of differences.

3 Smail Scale Equipment

Beachsuule and laboratony equipment used i by progiam are deseribed in laer sections of this reLor, along

with the ducussons of resalts obhgaied with wich equipmens

e i et

#
3
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SECTION 111
TEST MATERIAL3S

1.  Test Fuel

Test fuels for this work were JP4 and JP-5, supplied without additives. These fuels were held in Air Force
storage facilities for this and other programs. Batches of 12 to 25,000 gal of fuel were transferred from Air Force
storage, by means of refueling trucks, to storage tanks located adjacent to the test facility. Each such transfer
represented a “batch” of fuel as defined for this program. Fuel batches were used in Al/SS loop tests as follows:

Test
Batch No. .IXE _ No.
14 P4 4862
15 IP-5 63-76
16 IP5 7783
17 iP5 84-99
18 PS5 100-128
19 s 129-150
20 iP5 151-175
21 JP-S 176-199
22 JP-5 200-211
* P4 212-219
23 PS5 220.258B
24 IP-5 259A-313
25 PS5 314-329

*From Area B, TK 12, received 6 February 67.

Inspection data for these fuels are presented in Table 1, and military specifications for JP4 and JP-S are given in
Table 2.

2. Fuel Additives

Fuel corrosion inhibitors used in this work are listed below, alor.g with the abbreviated designations used in
tables and figures of this report:

Snt Santolene C (Morsanto)

AFA AFA-1 (duPont)

RP Rust Preventive-2 (duPont)

Uni Unicor M (Universal-Oil Products)
EDS Na-Sul EDS (Vanderbilt)

Tol Tolad 244 (Petrolite)

Lubr Lubrizol 541 (Lubrizol)

All of these inhibitors except the Na-Sui EDS are qualified mateiials undér MIL-1-250178. The Na-Sul EDS
had Leen qualified under an earlier version of the inhibitor specification, before any close restrictions had beea
placed on emulsification behavior.

The icing inhibitor used in this work, designated as AIA (anti-icing additive) or FSH (fuel system icing
inhibitor), was obtained from Dow Chemical Company and conformed to MIL-1-27686D. The specified compusition
of this material was 99.6% 2-methoxyethanol (ethylene glycol monomethyl ether) and 0.4% glycerol.
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TABLE 1. INSPECTION TEST RESULTS ON

UNINHIBITED FUELS

SWRL| - o ple APl Distiflation, °F Gum, | pvash, | RVP,

batch | “rom | P | Grav |1BP-10%-20% S0%90%Ep [RB/100m! | op i |WSIM
no. l o Exist [Poten pa

JP4 Fuel
- Ashland* | 1/25/67 | §5.2 1126-192.224-300-420-506 | 9.6 | 1.8 - 3.0 26
14 Tank 3/16/67 - 122-128-22(-299-423-499 | 04 - - 29 -
JP-5 Fuei
15 | Truck 4/10/67 | — |353-:8039442146%496 [ G2 |02 | - -
15 Tank ? 4/21/67 | 42.7 1340-377-386-415460494 106 |06 | 134 - WY
15 | Tank2 | 4/21/€7 | 427 |346-378-389-416458488 | 06 | 0.6 | 137 -
15 Tank 2 5/31/67 - 353-382-3935-422-465490 | 1.0 1.0 { 135 88
16 | Tank1 5/31/87 | — [356-380-396421462-491 | 1.0 |10 | 134 - -
16 | Tank2 | 5/31/67 | .. 1354-383-396423464490 | 1.0 | 1.0 | 136 89
17 | Tank1 7/6/67 | 42.7 |348-383-394420462-491 |04 |06 | 134 - 7
17 | "ank2 | 7/6/67 | 427 |351-382-396422466489 | 04 |08 | 134 - 87
18 | Tank1 | 8/14/67 | 42.5 |353-382-394421465494 |12 |14 | 136 - -
18 | Tank2 | 8/14/67 | 425 |358-378-397-421-466-498 |14 |14 | *38 -
19 | Tank i No data except WSIM 94
20 | Tank 1 16/5/67 | 42.6 |357-385-395420-467-500 | 0.2 {08 | 137 - 95
206 | Tank2 | 10/5/67 | 42.6 |357-384-395422-468499 |06 |1.2 { 138 - 77
- Ashland* | 10/6/67 | 420 |386-393-402-412446490 | 0.6 |29 | 154 - e
21 | Tank1 1/16/68 | 411 |372-399—-425-456-484 (19 |10 | 146 - 98
21 | Tank2 1/16/68 | 41.1 [372-398--——424-454494 | 08 |10 | 147 - 94
22 | Tank1 3/18/68 | 41.2 |366-396-405-422453-491 |02 | —~ | 148 - 89
22 | Tank2 | 3/18/68 | 41.1 |380401408-426457498 |04 | — | 148 -
23 | Yank | 6/28/68 | 418 |367-386-394415458-482 | 00 [10 | 143 - 92
23 | Tankz | 6/28/68 | 4i.7 1364-384-390-412456-490 |00 |10 | 144 95
23 | Tank 1 7/22/68 | 418 |2336-382-390412457481 (10 |10 | 143 | 87
23 | Tank 1 8/16/68 | 419 |[346-284-394-414457-482 | — | - : 78
21y Tank2 11/18/68 | 41.8 |369-388-395415458-495 [ 00 |06 | 145 75
33 | Tank?2 12/3/62 | 41.7 |372-388-395417458493 | 0.2 |06 | 144 -
24 | Tank 1 6/10/69 | 41.7 |368-384-394-415458-498 |22 122 | 142 9?2
24 | Tank? ! 6/10/69 | 418 |367-336-194-414457492 |04 110 | 144 98
25 | Tank 7769 | 422 1356-28%-206416-460-491 (02 |04 | 129 91
25 | Tank 2 71768 | 420 | 363-388-195-414458-495 102 (06 | 142 92
N o .
faoutee impevtions by Aditand. All other inspectiom by AF laboratorics.
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TABLE 2. MILITARY SPECIFICATIONS FOR JP4 AND JP-5

MIL-T-5624G, 5 Nov 65¢
P4 [| &
Gravity, AP1/60 45-57 36-48
Distiltation: 20%, °F, max 290 -
50%, °F, max 370 -
90%, °F, max 470 -
EP, °F, max - 550
Residue, %, max ' 1.5 1.5
Loss, %, max 1.5 1.5
Existent gum, mg/100 mi, max 7 7
Potential residue, my/10U ml, max 14 14
Sulfur, %, max 04 04
Mercaptan sulfur, %, max 0.061 0.001
Reid vapor pessure, psi 2030 -
Freezing point, °F, max -T2 ~51
Heat of combustion, Btu/lb, min 18400 18300
Aniline-giavity product, min 5250 4500
Viscosity, cs at —20°F, max - 16.5
Aromatics, vol %, max 25 25
Olefins, voi %, max 5 5
Smoke point, mm, min - 19
Luminometer no., min 60 50
Explosiveness, %, max - 50
Flash point, °F, min ' - 149
Smoke volatility index, min 520 —
Copper corrosion, ASTM, max No. 1 No. |
WSIM, min ' 85t 85%
Watsr reaction rating, max 1-b -
Thermal stability:
Filter AP in. Hg, max 3.0 3.0
Preheater deposit color <3 <3
Particulatle matter, mg/gal, max
F.0.B. origin deliveries 4 -
F.0.B. destination detiveries 8 -
FSli content, vol % 0.100.15 -

*Written o cower fuch without verrouce nhibitor. Subsequent reistaternent of

carrorion mhibitor in JP-4 wes covered by Amendineat 1, 21 Now b6

thor JP4A, pmirmum WSIN wat droppod (0 70 by Amendraent | at the uame tine
cofrosion nhibitors were remstated in Uog fool Minunum WSIM remained at 84

{or IP-$ {withoul corrosios inhibitor).
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Five other additives used in this group of iests were as follows:

ASA Antistatic additive ASA-3 (Sheli)

Pt Petronate L sodium suifonate (Witco)

PiCP. Petronate CR sodium sulfonate (Witco)

NC-2 Scdium naphthenate from 415 mol. wt
acids, 25% active ingredient

NA-1 Sodium naphthenate from 310 mol. wt
acids, 25% active ingredient

Injectioss Waters

The ccitaminant-water used in these tests consisted either of filtered tzp water or synthetic blends of various
compositions. The tap water available from the mains at Wright-Patterson AFL is hard well-water with no treatment
except chiorination to 0.4 ppm gas injection. Total hardness is about 380 ppm, and pH is about 7.6. It has been used
for a considerable amount of single-element testing and has been found to be quite ccnsistent in pH and surface
tension. It appears quite suitable for use in filter-separator testing, so long as a suitable filter is installed in the
water-injection system to guarantee a low content of insojuble materials.

The principal synthetic water composition used in this work was originally designated *‘Standard Water No.
1.” but subsequently was designated “‘Type B" since it is a close match for the Type B medium-hardness water
frequently cited in handbooks as typical of Great Lakes water supplies. This synthetic water was blended from
distilled water and reagent-grade chemicals to the foiiswing composition (mg/liter):

Actuai ingredients blended lonic concentrations

NaHCO,3 164 Ca 36

CaCl; * 2H,0 132 Mg 8.1

MgSO, - 7TH,0 82 Na 45
Cl 64
30,4 32
HCO, 119

The filtered tap water or the Type B synthetic water was used in most of the Al/SS loop tests reported herein.
Table 3 gives injection water quality parameters as measured in the loop tests.

Other svnthetic waters were blended for special tests, using distilled water or type B blend as the base for
investigating the effects of water composition and properties on element performance. These waters were as follows:

pH 5 (distilled + 115 mg/¢ NaCl + HCI)

pH 7 (distitled + 115 mg/2 NaCl + NaOH)

pH 10 (distilled + 115 mg/2 NaCl + NaOH)

pH 9.5 (Type B + NaOH)

pH 9.5 (distilled + 164 mg/¢ NaHCO, + NaOH)

Type B + NaCl to total C1~ content of 932 mg/¢

05% Type B + 35% FSII

Distilled water

Disti/led water contaminated with residues from a previous test (test 92) in which pH 9.5 water (Type B + NaOH}
was used

The first series of waters to study pH effects was made from a sodium chloride solution adjusted to pH §, 7,
ot 10 by adding miner amounts of HUF or NaOH | as required. The original ionic concentrations of the salt solution

8
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TABLE 3. INJECTION WATER QUALITY PARAMETERS

. -~ Type of injection water
Parameter statistics Filtered tap water | Tvpe B syrthetic water | 65% Type B + 35% FSI
Surface tension, dynfcm
minimum 61 60* 47
maximum 714 74 47
mean 716 708 47
standard deviation 13 29 0
no. of measurements 218 37 3
Solids content, mg/?
minimum 6.0 0.0 C.0
maximum 24 . 13 20
mean 020 0.22 1.10
standaid deviation 025 0.29 1.01
ne. of measurements 218 3R 3
pH
n.inimum 71 79 68
max mum 8.1 85 1.7
mea: 754 8.16 7.37
standard deviation 6.20 ‘ 0.15 0.49
no. of measurements 218 28 3
*A value of 43 dyn/cmn cbtained in est 50 was not included in calculation of mean or standurd deviation. It
deviated from other values so much that it was judged to be erroneous.

were 45 mg/liter in sodium and 70 mg/liter in chloride: these were changed very little by the pl adjustments, the
increases being less than 5 mgdliter in all cases. As would be expected, these waters had very little buffering capacity
and couid not “hold™ their pH through the test cvcle of mixing -vith fuel and separation. Hence. they did not
provide satisfactory criteria of pH effects.

An attempt to prepare a buifered high-pH water by adding caustic to Type B water rzsulted in significant
precipitation of solids and contamination of the water-injection system. The only saiisfactory high-pH waier that
was prepared was the pH 9.5 water prepared from NaHCO; and MaOH: this was. ir effecr. a carbonate-bicarbonate
mixture.

High-chloride water was prepared to simulate the chloride contents often found in water bottoms of fuel
storage tanks. The blend of 35% FSil in Type B water was als¢ intended to simulate fieid conditions, since any water
that has been equilibrated with large amounts oi JP4 fuel will contain some 15 to 40% FSII, depending on fuel
composition snd temperature.

4. Solid Contaminants

The six colid contaminants used in this work were standard coarse AC dust, standard fine AC dust, standard
fine red iron oxide (Fisher I-116), a coarser red i:ca oxide (Pfizer R-9998), ground iron ore (Pfizer BOGI8S), and
magnetic black iron oxide (Chemical Commerce Co N). The first three of these materials are used regularly in
filter-separator specification tests. The R-9998 red iron oxide was used in seven tesis, the ground iron ore was used
in eight tests, and the black iron oxide was used in two tests,

The AC dusts are siliceous “Arizona road dust” that has been collectzd and standardized for use in testing air
cleaners and filters. The coarse grade has a broad rang2 of particle size, with appreciable amounts in 1he 80-200 and
below 5 u fractions. The fine grade is prepared from the coarse by removing the larger particles.

9




Both of the red icon oxides are high-purity materials produced by calcination of ferrous sulfate. Both are much
finer in: particle size than the AC dusts and the Fisher I-116 is the finer of the two.

Complzte specifications on particle size distribution of the solids are given in Table 4.

A3

TABLE 4. PARTICLE SIZE DISTRIBUTION OF TEST DUSTS

Standard AC Red iron oxide G round Black iron oxide
test dust Pfizer | Fisher ";,): ore Chemical Commerce Co
Coarse | Fine | R-9998 |1-116* B _ogge; 5 “N” magnetic
Weight % below 200u 100 - 100 100
80 91 100 99.9 99
40 61 91 769 78.2
20 38 73 - 626 54.5
15 - - 106 100 59.3 43.5
10 24 57 99.3 100 530 290
15 - 98.3 99.7 45.6 17.6
5 12 39 849 98.9 321 8.0
4 - - 74.5 98.2 25.6 45
3 8t 21t 25.2 979 174 1.7
2 5t 14 7.3 97.1 8.0 -
i - 5.6 94.1 0.2 -
-0.5 - - 49 71.7 : -
028 | - - 4738 -
*Same as Pfizer R-2199.
1Not specifications; values based on analysis of a few samples.

Other than these “test dusts,” the only solid contaminants used were plug valve lubricants that were examined
in three special tests. These were a MIL-G-6032 plug valve grease (Royal Lubricants Co) and Walworth No. 1 plug
valve sealant.

S.  Filter-Separator Elemanis

Filter-separator elemenis from four manrfacturers were used in the tests reported herein. These eiements
are identified as to manufacturer and lot designation in Table S, which also gives element weight statistics for
each lot.

Although there is considerable difference in mean weight of elements fiom different manufacturers, this
difference is of no practical significance with regard to element quality or performance, since the element designs are
different. One statistic of interest in Table 5 is the standavd deviation of element weights, which provides a measure
of the conformity among elements of a given lot.

Seven different lots of Filters Inc elements were used. Weight variations among these lots may be of signifi-
cance with regard to performance, since element constructicn appeared to be the same for all elements. Table 6 gives
the level of significance of differences between the means of various pairs of lots. There is a significart difference in
means between all lot pair-combinations except for Lots 440 and 440A. Later in the report (Section V), the extent
of correlation between eiement weight and element perforimance will be discussed.

10
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TABLE 5. FILTER-SEPARATOR ELEMENT DATA
Element Part o Number Element weight SD
manufacturer no. Designation Test no. of : values, g % of mean
elements [ Min | Max { Mean | SD
Filters Inc 1-4208 Lot 286 48-83 37 623 | 764 | 657.5 | 26.2 40
Filters Inc 1-4208 Lot 428 84-90 6 625 | 678 ; 661.8 | 189 29
Filters Inc 1-4208 Lot 440 91-15¢ 58 590 | 680 | 641.2 | 23.1 3.6
Filters Inc 1-4208 Lot 440A 151-199 49 $78 | 700 | 639.5 | 24.7 39
Filters Inc 14208 Lot 465 200-257,258A,276,278, 67 478 | 587 | 5223 | 204 39
| 282,287,290,296,304,308
Filters Inc 14208 Lot 516 259A,260A,315-325 i? 527 1635 | 564.2 | 308 558
Filters Inc 1-4208 Govt Sid 310313 4 541 | 580 | 567.0 | 17.7 31
Fram CC-S11B | Lot 14 261,264,265,268,273,280, 12 623 | 664 | 6500 | 9.7 1.5
281,288,289,295,298,307
Bendix 04580004 262,266,267,269,274,279, 12 618 ] 671 | 648.3 | 13.7 2.1
284,285,292,294,297,306
Bendix 04580004 | No.69 M 2814* | 314,325,326 3 699 | 721 [ 7T11.0 | 111 1.5
Bowser Al1389B 263,270,271,272,275,277, 12 617 1 691 | 6355 1 198 31
283,2£6,291,293,305,309
Bowser Al1389B Received used 299,301 - -
from Andrews
AFB
Bowser Al389B + 327-329 3 642 | 674 | 654.3 | 17.2 26
*Special RIO elements. I

+Special R10D elrrients no. A138%C were ordered: A1389E were received wund tested.

TABLE 6. SIGNIFICANCE OF DIFFERENCES IN MEAN WEIGHTS.
OF FILTERS INC ELEMENTS OF DIFFERENT LOTS

Probability of chance greater difference in mean
Element lot weight for different lots, 0
FI246 | F1428 | F1440 | F1440A | Fl1 485 | FI516
F1428 >50 -
F1 440 0.1-0.5 1-2.5
F1440Aa | 0.1-08 1-2.5 1 >S50
FI 465 0510 <011 <0 <01
Fl Sle <Q.1 <04 <{.1 <1 <}
FIGS - l <0.1 <0.1 <1 <0.1 <01 >80
L. .
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SECTION IV

TEST PROCEDURES

- 3. Loop Yest Procedures
a. General

L The test procedures discusse. in this section are those used in single-element loop tests reported herein.
‘ Test procedures for other apparatus are discussed in Sections VIl and VIII.

A total of 29 established test procedures was used in the single-element loop tests reported herein. Most
of these procedures are directed toward the evaluation of inhibited fueis and are similar in concept to the inhibited-
fuel test of MIL-F-8901A. The test procedures are outlined in the following pages and are listed for convenient
reference in Table 7, which also shows the loop test numters corresponding to each procedure number. In addition,
10 tests were run using special procedures. These vary greatly in schedul:, contzminant, and purpese, and are
described briefly in Table 8, and in detail in the remainder of this section.

The bulk of the work was performed using Procedures 10, 13-A, and 13-J. Procedure 10 is the same as
the MIL-F-8901A inhibited-fuel test as to solid contaminznt (coarse AC dust) and test schedule (60-inin water
injection only, then water and solids to 40 psi). Tyre B synthetic water was specified for Procedure 10, but some of
the later tests were run with filtered tap water, after it had been found that the effects of water composition we e of
little significance. The sampling schedule and other detaiis of Procedure 10 differ from those of the MIL-F-8901A
inhibited-fue! test, as will be seen from the detailed outline to be presented.

Procedurc 13-A represents a revision of Procedure 10 toward the direction of a more realistic sequence

: of operations. The solid contaminant is coarse AC dust (as before); the injection water is filtered tap water. The
. schedule requires injection of dust along with a very smail amount of water (0.01% of fuel flow) until the element
pressure drop reaches 20 psi. At this poin:, the dust injection is discontinued and the water injection rate is increased

- to 1% of fuel flow rate for a 15.min period. At this time, if the element pressure drop has not risen vo 40 psi, water
injection is continued at 1% and dust injection is restarted and continued to 40-psi pressure drop. This procedure is

designed to eluiinate the excessive water washing of the fuel and element that exists in MIL-F-8901 A and Procedure

10 during the initial 1-hr period. ]

Procedure 13- is identical to 13-A except for the use of fine AC dust as the solid contaminant.

Procedures 11 and 12 are MIL-F-8901 A procedures, slightly modified, for a special series of evaluation
tests.

The MIL-F-8901B tests employed are adaptations of the designated procedures for use in the Al/SS
loon. In most cases, the only difference between the actual test procedure and the specified test procedure is the
drawing of extra samples for analyses.

} X All of the other procedures represent modifications of 12-A that were investigated duriag the course of
! procedure development.
b.  Procedure 10

| Tests are run with a single military-standard coaiescer element and double-wall canister mouuied in an
8-in. aluminum housing. A fresh element is used for each test. The canister and housing are cleaned and rinsed
thoroughly between tests.

13




TABLE 7. PROCEDURES USED IN LGOP TESTS

Pro:::fure Loop test nos. Type of procedure

10 48-83,91-100,110,134 Similar to MIL-F-8901 A inhibited-

138,142,143,148 fuel test

11 84-86 MIL-F-8901 A inhibited-fue] test

12 8790 MIL-F-8901A red iron oxide

slurry test

8901B 256(40 gpm),257(30 gpm) Inhibited-fuel test

8901B 258-A,259-A Media migration test

89018 258-B.259-B Dry red iron oxide test

8901B 260A Water removal test

8901B 260B Red iron oxide and water test

8901B 314,325-329 Modified inhibited-fnel test (Piizer

R9998 red iron oxide instead of AC
dust)

13-A* 101,107,109,125,132, “Dirt-first” loading with coarse AC
133,136,137,140,141, Cust and 0.01% water before 1%
144,146,147,184-224, water injection
230-255,261-298,304-313

13-B 102 Initial dust without water

13-C 103 Final water rate, 3%

13-D 104 Extra 8 hr of fuel flow

13-E 105 Red iron oxige (I-116)

13-F 106 Dust injection rate, 25% rorrnal

13-G 111 Fuel and water rates increased

13-H 112 Water into fuel pump suction

13-1 113,114 Fuel, 16 gpm; water to pump

suction

13- 115,126-131,135,139, Fine AC dust
145,149-151,154,155,
157,159,161,162,170,
172,176-179,225-229

13-K 116 Fine AC dust; water 1% throughout

13-L 117 Same, extra 120 min fuel and water

13-M 124 Red iron oxide (R9998)

13-N 152,153,156,158,160, Fine AC ¢ st at 50% normal rate
162-165,171,173

13-0 166-169,174,175,180-183 50/50 fine and coarse AC dust

13-P 315-322 Ground iron ore (Ffizer B0098S5)

13-Q 323-324 Black iron oxide (magnetic “N”’,

Chemical Commerce Co)

14 108 4-hr cycles

14-A 118,119,121-123 4-hr cycles, fine AC dust

i4-B 120 4-hr cycles, fine AC dust, loaded

to 10 psi only

*Procedure 13-A and all subsequent procedures are of the “dirt-first™ type in which the element
is first loaded to 20 psi (or sume specified pressure drop) with test dust, accompanied by
0.01% water. This is followed by a period of 1% water injection without dust injection, then
by dust and water (1%) until the pressure drop reaches 40 psi. Subscquent procedures differ
from 13-A only as specified.

14
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TABLE 8. SPECIAL LOOP TESTS

Test no.

Element*

Test fuel ~ontaminants

Purpose of test

203A

204

299

300.4

300B

300C

300D

301

302

303A

303B

(8]

Water

Water, coarse AC dust

Water
Water, plug valve greaset

Water
Water
Water
Water, plug valve sealant

Water, plug valve scalant

Water, coarse AC dust, glycerol

Water, coarse AC dust, glycerol

To expose element to fuel and weter
for subsequent dryout and retest.

To evaluate performance of an eleme:t
which had been previously subjected
to fuel and water and then z!lowed
to dry.

To determine if element had any
water coalescing capability.

To determine the effect of plug
valve grease on element performance.

To determine coalescing capavility
of element which had previously been
exposed to plug valve grease.

To determine coalescing capability of
element which had previously been
exposed to plug valve grease.

To determine ccalescing capability
of clement which had previously been
exposed to plug valve grease.

To determine the effect of plug
valve sealant on element perfor-
mance.

To determine the effect of plug
valve sealant on element perfor-
mance.

To determine the effect of glycerot
and coarse AC dust on elemer'
performance.

To determine the effect of glycerol
and coarse AC dust on clement
performance.

—

*Element identification.
1. Filters Inc, 1-4208, lot 465
2 Same element that wis used i previous test.
1. Used Bowser clement from Andrews AlB (part no. A 1149 B).
4. New Bowser slement (part no. A1389 i
5 Used Rowser element from Andrews AFB (A 1389 B), which nad been soaked 1n bsopropana] Tor over 24 hy
i available frem Royal Lubnivants Co. conformed to ML -G4050
tUentified as Walwortn No.g
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Standard test coaditions are:

Fuel flow rate 20 gpm

Fuel supply pressure 70 nsi |}

Fuel temperature ectering - - g
test section 80°F (75°F 1n early tests) z 1

Standard contamir-nts are coarse AC dust and Type B synthetic water*. The test schedule starts with a
15-min “pre-test” period with fuel flow but no contaminant injection. The start of the test proper (zero time) is the
end of this pre-test period, at which time the contaminants are injected according to the following schedule:

0 to 60 min Water C.2 gpm, no solids
Remainder (to 40 psi) Water 0.2 gpm, solids 5.72 g/min

The solids injection rite corresponds o 1 concentration of 0.286 g/gal in the fuel. At this injection rate,
the element is loaded to its nominal dirt-holding capacity of 200 g in 35 min.

Either fresh base fuel or fue! from the preceding test may be used. The following step-bystep {2ct -
procedure is used with fresh base fuel, starting with a clean system:

Weigh a new coalescer eler.ent to the nearest gram, and check for integrity in the coalescence tank, using
uninhibited base fucl. Then install the element in the single-element aluminum housing, aiong with a
double-wall canister:

Nnte. The element may be instailed at any time prior io the start of the pre-test period. P

Pump 600 + 50 gal of clean base fuel through a suitable cleanup filter-separator (outside the loop) and

into one of the loop fuel tanks. Determine the amount 2ctually charged by meter readings, tank gage s
glass level, and line and component holdup volumes established previously. All subsequent operations are

performed using this one tank with recirculating fuel.

Circulate 1t 40 gpm through the cleanup tilter-separator (bypassing the test housingy until the fuel is
clean and dry as Setennined by Totamitor readings and sample analvses o3 regairsd. The fus! tempera-
ture should be adjusted to approxisnately 80°F during this time.

Circulate at 40 gpm through the main fuel typass (bypassing both the test housing and the cleanup
filter-separator). ;nject the required amount of corrosion inhibitor over a 15-min period, then inject the g
required amount of fuel system wing inhibitor over a 1S-mun period and flush the injection system and
iines with test fuel. Direct the main fuel flow through the cleanup filtersepazator (but bypass the test
housing), and continue to recirculate for 2 minimum of 15 min at 40 gpm. Recheck the cisanliness of
the fuel.

Note Tre neeceding step 1s omitted when additve-free fuel s being tested.

Tnspect and clean the miang screen, of wnstall the screew (it has been omitted trom the screen houning
duning ihe proceding opoations

B sy

Set the tuel flow rats at 20 gpm, set totahizing howmeler reading at sero, and duect the fuel flow
through the test housing and cleanap tilter separator. Recwcutate for IS5 mun Dunng Jhus “pre-test”
penad, adjust low rates and tempeératures, check operation of ali instruments. tane amples as required,
and have the water inpection sysiemn rurming and veady 1o drecy the low o the fuel line. .

*Hilteredtap water was used 10 some of the fater tests in L program
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At the end of the 15-min pre-test period, start timing the run and direct the water 'ﬁow into the fuel line.
Take readings and draw samples as indicated in subsequent paragraphs. When the water level in the test
housing covers the openings in the canister base, drain water at a rate that will maintain a stable level in
the housing.

During the 60-min test pericd with water injection, prepare the solids injection system for operation and
calitrate the dirt feeder, if this has not been done previously. Five min before the eud of this 60-min
period, direct fuel flow at 3 gpm into the swirl hopper, and turn on the solids injection pump; regulate
the pump speed to maintain a stable fuel level in the swirl hopper.

After 60 min of test time, start the dirt feeder. Continue to inject both solids and water until the
pressure drop across the test housing reaches 40 psi. At that time, cut off the dry-dirt feed, take final
samples, and shut down the fuel flow.

Record test housing pressure drop and Totamitor readings every 10 min throughout the run, and also (1)
35 min after the start of solids injection, i.e., after 95 min of test time, (2) when the pressure drop
reaches 20 psi, and (3) when the pressuie drop reaches 40 psi. Totamitor readings are taken from the
recorder charis after the run, and any peaks occurring between the regular reagings should be noted.
Record screen pressure drops, cleanup filter-separator pressure drops, and totalizing flownieter readings
approximately every 0 min of test.

Dravw samples for analysis as follows:

Clean influent fuel — solids Pre-test, 30, and 95 min
Same -- WSIM, IFT, and FSI content Pre-test and 25 min
Effuent fuel — solids and free water 30, 95, and 130 run,

and 20 and 40 psi

Injection water - sclids 30 min
Same — pH and susfuce tension 30 and 95 min

Coalesced water - pH, surtace
tension, and FSII content 30 and 95 min

Remove the cealescer element from the housing without losing any test dust, rinse in isopropanoi and
then petroleumn ether, dry to constant weight, and record the weight to the nearest gram.

if the same fuel is to be rzused in the subsequent test, analyze for FSIT and reblend to the required lovel,
then continue with the next test.

If the next test requires fresh fuel. pump the used fuel to scrap storage and dram the toop system
thoroughiy.

Bring in base {ael (same as used tor the next test) »nd cpirculate through the deanup filter sepastor at 40
grnn for 30 nmun, then, discard thiy fuel and drr the loop thorougily, Repeat wath a fresh batch of
uninhibited iuel. but thix time bypassing the cleanup tiltesseparator Dunng ihiy time, replace the
cleanup filter-sepasator elements with fresh elements Duscard and draz the second fush. Then, bring in
frosh animhbated fuet and <tart the new ost sequence as desenbed previoush *

¢ Procedure '1

Thus i essentially the MIL-E-BO01A inhubited-tucl test provedure as adapred toe the AUSS foop The test
fuel 11 JP-5 containing 16 IhAMbbl of Santolene U but no BSTE freshly blended tuel s prepared for each test Sohid

*Creanup fdter wparator clenidais reed not be replaced 3f the noct run s to be matde 02 nea Tt bioad of "he same compostiion




contaminant is coarse AC d»st injected at a rate of 5.72 g/min, thus loading the element to rated capacity in 35 min
of solids injection or 95 min of testing. Except for the drawing of samples for AEL determination of free-water
content and certain special samples for modified Karl Fischer determinations of total water content, the sampling
schedule follows that of 8901A. Beiow is the sample schedule that is used:

Effluent-fuel — solids 65, 70, 80, 95, 110, 120, 130 min;
20, 39, 40 psi

Effluent-fuel — K-F 5, 10, 20, 30, 40, 50, 60, 70,
80, 95, 110, 120, 130 min;
20, 30, 40 psi

Clean-fuel — K-F 30, 690, 95, 130 min;
20, 30, 40 psi

Clean-fuel — saturation Pre-test

Effluent-fuel — AEL, line (2) 95 min

and bottled (2) 20, 30, 40 psi
Clean-fuel - WSIM Pre-test
Clean-fuel — IFT Pre-test; 40 psi

injection water — solids,
pH, surface tension 50 min

In actual operation, it was found that the 20-, 30-, and 40-psi samvles along with the 80- and 95-min
samples came so close together that it was impossible to get them all. Also, it was found that in all tests, the pressure
drop reached 40 psi in 95 min or less, so that there wcre no subsequent sampies.

d. Procedure 12

This is essentially the MIL-F-8901 A red iron oxide emulsion test, commonly termed the “slurry test.”
Briefly, the test procedure consists of injecting 3% water and G.0035 1b of slurry per gallon of fuel until the pressure
drop ieaches 40 psi. The -lurry consists of 9.1 1b of 1-116 red iron oxide per poind of 50-50 water-fuel mixtwure, thus
containing 9.09% of o 'ide by weight. The solids injection rate is 0.145 g pe: sallon of fuel, or 2.89 g/min in a
20-gpmi test. At this rate, the nominal dirt-holding capacity of 200 g is reached in approximately 70 min of injection.

In the tests reported here, the test fuel was uninhibited JP-S, instead of the VV-K-220 kerosene specified
i MIL-F-8901A. As in Procedure 1, certain additions were made to the sampling schedule, resulting in the
following:

Etfluent-fuel solids 5. 10, 20, 30, 40, 50. 60, 70 min;
10, 20. 30 40 psi

Efflueni-tuel K-F Same as zhove

Clean-fuel K-F 10, 20, 30. 40 psi

Clean-fuel satuzanion Pre-test

btiluent-fuel AEL,
hine {21 and bottled () 10, 20, 30, 40 psi

Imechon-water soehids,
pH surtace tension SO min




It wa: found the* there was somne “pile-up™ in sample scheduling and slight modifications had to be
made to iit the behavior of the inuividual tests.

The method of preparing and injecting the slurry is somewhat different than that described in MIL-F-
8901A. Slurry of standard composition is prepared prior to test in a slurry mixing tank with recirculating pump (sce
Figure 2). This system had been designed to handle thin slurries, and the pump capacity and line sizes are inadequat*
to do a thorough mixing job on thick slurry. Therefore, the pump is used orly to keep the bottom of the mixiny
tank clear by recirculating, with no back pressure other than pressure drop in the lines. The actual mixing of the
slurry is performed with a mechanical stirrer (propeller type), which is run continuously while preparing and
injecting the slurry.

Shurry from the recirculating line is picked up by means of a peristaltic pump and metered into the
injection hopper, where i is picked up by the fuel stream and solids injection pump, i.c., handled just as if i: had
been dry diit. Metering ot the slurry is reasonably accur: te, but thore are problems with deposition of red iron oxide
in the sluzry mixing tank and deposition of slurry in the injection hopper. When slurry is metered into the swirling
fue! stream in the hopper, it becomes very evident that the feed rate into the main fuel line is erratic because of
temporary hang-up of slurry globules, and also that the slurry is very resistant to dispersal in fuel. In order to avoid
the temporary and sometimes permanent hang-up of siurry globules in the inject:on hopper, the slurry feed line is
direct to the center of the hopper, i.e., where the slurry will drop d." ctly into the inlet of the Moyno injection

pump.
e. frocedure 13-A

This procedure is similar to Procedure 10 except for major changes in the schedule of water and solids
injection, which in turn affect the sampling schedule. The only other significant change (in comparison with
Procedure 10) is the use of filtered tap water rather than synthetic water. The solid contaminant is coarse AC dust
(same as Procedure 10). The fuel flow rate is 20 gpm, the fuel supply pressure is 7G psi, and the fuel temperature
entering the test section is 80°F. The foliowing test schedule is used:

0 min to 20 psi Water 0.002 gpm, solids 5.72 g/min
Next 15 miu: Water 0.2 gpm, no solids
Remainder (1o 40 psi): Water 0.2 gpm, solids 5.72 g /min

The corresponding ratios of contaminants to fuel are: water 0.01 and 1% of fue! flow. and solids 0.286
g/gal. At this solids injection rate, the element reaches nominal dirt-holding capacity of 200 g in 35 min of din
injection

T tamitor readings and test-section pressure drop are recorded every 5 min and at 20 and 40 psi.
test-section inlet temperature every 15 min, and totalizing flowmeter readings, screen pressure drop. and cleanup

filter-separator pressure drop at the start and »nd of the test. The foilowing sampling sctedule is used:

Effluent-fuel AEL S min; 20 psi. SO, and 1S mun after
20 psi. 40 psi

Effluent-fusl sohds S 20 pac S pun after 20 pua 40 pu

influent-frel WSIM
and T f're test

Influent-fus! FSH Pretest post-tost

lnjecuion-water sohuds,
pHLand sustace tenwon Posttest

Coalesoed watet Penodie visual Svammation




Procedure 13-8
Same as 13-A except no water is injected during the initial solids injection period (0 min to 20 psi).
Procedure 13-C

Same as 13-A, except water injection rate is increased to 0.6 gpm (3%) starting at 20 psi and continuing

to end of test.

Procedure 13-D

Some as 13-A up to the 20-psi point; then water and solids injections are shut off, and fuel flow is

continued for 8 hr additional. After an &hr shutdown, fuel flow is restarted, and the regular schedule of Procedure
13-A is resumed as if starting from the regular 20-psi point (15 min of 0.2 gpm water, then water plus solids to 40

psi).

Procedure 13-E
Same as 13-A, except solid contaminant is I-1'6 red ir>n oxide.

Procedure 13-F

Same as 13-A, except solids (coarse AC dust) injection rat2 is 25% of normal, i.e., 1.43 g/min.

Procedure 13-G
Same as 13-A, except the folluwing scheaule is used:

0 min to 10 psi Water 0.002 gpm, solids 5.72 g/min

Next 15 min Water 0.2 gpm (no solids)

Subsequently Fuel flow rate increased every 15 min in
2-gpm increments to a maximum of 32
gpm, keeping water injection rate at
1% of fuel flow rate. Water rate then
increased stepwise to 1.2 gpm and later
decreased te 0.032 and U.0032 gpm.

Procedure 13-H

Sume as 13-A, except water s injected into fuel pump suction. Also, after regular schedule is compieted,

solids 1njection is discontinued and water injection is continued «t 0.2 gpm, while reducing fuel flow rate every 15
min in 2gpntaserements down to 10 gpm.

m,

Procedure 13-4

Same as 13-A, except fuel flow rate o 16 gem and water s injected mto fuel pump suction.
Procadure 13-J

Same as [3-A_excep? sohd contamant s fine AC dust.

Frocedure 12-K

Same as VA, except sohd contaminant 15 fine AC dust, and watev injection rate 15 (0.2 g throughowy
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p. Procedure 13-L

Same as 13-A, except solid contaminant is fine AC dus*, water injection rate is 0.2 gpm throughout test.
and dirt injection is scheduled as follows: First injection terminated at 10 psi. then 120 min without dirt injection.
then dirt injection restarted and continued to 40 psi.

q. Procedure 13-M

Same as 13-A, except solid contaminant is Pfizer R-9998 red iron oxide

r. Procedure 13-N

Sar . as 13-A, except solid contaminant is fine AC dust, and solids injection rate is 50% nommal (2.86
g/min).

s.  Procedure 13-O

nge as 13-A, except solid contaminant is 50% fine AC dust and 50% coarse AC dust (by weight).
t. Procedure 13-P

Same as 13-A, except soiid contaminant is Pfizer BOD985 ground iron ore.
u.  Procedure 13-Q

Same as 13-A, except solid contaminant is Chemical Commerce Co. “N”" biack magnetic iron oxide.
v.  Procedure 14

Same as 13-A, except test consists of five 4-hr cycles and a final cycle, with at least 10-min shutdown
between cycles:

Each 4-hr cycle: Water 0.002 g~m throughout, solids 5.72 g/min until pressure drop
reaches 20 psi.

Final cycle: Water 0.2 gpm, solids 5.72 g/min; test termainated when pressure
drop reaches 40 psi.

w.  Procedure 14-A

Same as Procedure 14, except sous contaminant js fine AC dust, and final cycle is omitted if pressure
drop has reached 40 psi in a previous cycle. If a final cycle is necessary, it is run at the end of the fourth cycle
without intermediate shutdown.

X. Procedure 14-B

Same as Procedure 14, except solid contaminant is fine AC dust, and solids injection cutoff point is 10
psi instead of 20 psi. Cycle schedule is the same as in 14-A

v.  890IB Procedures

{11 Inhibited Fuel Test

Although this procedure is quite similar to Procedure 11, there are a few important differences
between the two. The fuel used is JP-5 with 16 ib/Mbbl of Santolene C and 0.15% FSII. As in Procedure 11, the
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solid contaminant is coarse AC dust but it is inje<ted at a rate of 2.86 g/min instead of 5.72 g/min, thus loading the
clement to rated capacity in 70 min. Two of these tests were run, one at 40 gpm and ene a1 30 gpm. No samples
for Karl Fischer determinations of free water are drawn at any time during the test. The following is the sample
schi:dule that is used; this differs slightly from 890iB.

Influent-fuel WSIM, IFT, FSii Pre-test and post-test
Effluent-fuel colids and AEL 5, 10, 20, 30, 40, 50, 60
70, 80,90, 100, 110,

1290, 130 min; 40 psi
"njection-water solids, pH, «nd
sarface tension Post-test

{2 Media Migration Test

Briefly, this test consists of subjecting an element to fuel at six different flow rates ranging from 6
io 34.5 gpm for 10-min periods, and sampling the effluent fuel for solids content determination. No solid contam:i-
nant or wzier is injected at any time during the test. The following sample schedule is used:

Influent-fuel WSIM, 1FT Pre-test
Effluent-fuel solids 5, 16, 20, 30, 40, 50, 60 min

{3i Dry Red Iron Oxide Test

In this test, red iron oxide {Fisher I-116) is injected into a fuel flow of 30 gpm* at a rate of 2.86
g/min; no water is injected at any time during the test. At this rate, the element is ioaded to its specified solids
capacity of 10 grams per gp: of rated flow in 70 min. The test is continued until structural failure of the element
becomes apparent or, if no fa.’ure occurs, until a differential pressure of 75 psi is reached. The sample schedule is as
follows:

Influent-fuel WSIM, IFT, FSII Pre-test, post-test
Efflu=nt-fuel solids G, 5. 10, and each 10
min until 49 psi
is reacked; 40 psi

and at each additional
5-psi difference thereafter

(4) Warer Removal Test

As adapted to the Al/SS 1oop, this test consisis of subjecting an element to a 34.5-gpm fuel flow
for the first hour, and a 32.8-gpm fuel flow for the second hour of the test. No solid contaminant is irjected at any
time duripg the test. Water is injected at a rate of 0.17 gpm during the first hour, and 1.32 gpm during the second
hour of the test. The following is the sample schedule used:

Influent fuei WSIM, IFT, FSII Pre-test, post-test

Effluent-fuel AEL Everv 10 min during first hour; every 5 min
during second hour.

Injection-water solids, pH, Post-test
surface tension

*MIL-F-8901B cails for flow rate to be that for which the elements are rated; in the lests reported herein, elements rated at 20 gpm
were tested av a flow rite of 30 gpm.
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{5) Red Iron Cxide an Water Test

Conditions for this test are a fuel flow of 30 gpm*, a water injection rate of 0.9 (3.0% of fuel
flow) and a solids injection rate of 2.86 g/min of red iron oxide (Fisher [-116). These condiiions are raaintained
from O min of testing until a 40-psi differential pressure is reached across the element. Below is the samp'e schedule
that is used:

Influent-fuel WSIM, IFT, FSII Pre-test, post-test
Effluent-fuel, solids, AEL “ =in and every 5 min
thereafter; 40 psi
Injection-water solids, surface Post-test
tension, pH

(6] Modified Inhibited Fuel Test

This test is identical to the inhibited-fuel test except that red iron oxide (Pfizer B9998) is used in
place of coarse AC dust, and corrosion inhibitors other than Santolene C, in differing concentrations, may be used.
Test using this procedure may also be run on fuel containing no inhibitors. The sample schedule is the same as for
the inhibited-fue! test. Fuel flow ratc is 20 gpm.

2.  Clay Treating Procedure
a. General

The procedure listed here is used to clay treat a batch of fuel in preparation for a subsequent single-
element loop test. The procedure is written primarily for fuels containing FSII and corrosion inhibitors, but can be
used with minor modifications for other fuels. Fuel is treated by pumping from one of the loop tanks through the
clay filter, and into the other tank. This is repeated for two or more passes through the clay filter. The fuel volume
treated is normally 600 gal; it may be fresh, additive-free fuel, or it may be additive-containing fuel remaining after a
single-element loop test.

Fuel is nut normally discarded between runs; i.e., the same fuel, plus makeup. is used from test to test.
Ordinarily, the loop is not flushed between runs, and cleanup filterseparator elements remain unchanged from run
to run, even when changing from one inhibitor to another. During a loop test on a filterseparator element, the clav
filter is bypassed; it is used only for clay treating between runs.

b.  Nomenciature
The following nomenclature has been adopted for reporting clay-filter operations:

Influent sample Fuel drawn from line entering . 'ter-
separator test section in Al/8% loop

Clay-treated fuel Test section influent after clay treatment.
J without the addition of any inhibitor
Pre-test sample Test section influent during regular

pre-test period; contains inhibitors
if same were added for test

*MIL-F-8901B calls for flow rate to be that for which the elements are rated; in the tests reported herein, elements rated at 20 gpin
were tested at a flow rate of 30 gpm.
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Post-test sample Test section influent after completion of a
single-element test

F:el volume treated Amount of fuel in system subjected to clay treatr..ent
(excluding residual fuel in clay-fiiter housing from
previc .s tuii, which hag beer. treated previously)

¢.  Qutline ot Procedure

With the correct volume of fuel in one tank, it is pumped at 40 gpm through the cleanup filter-separator
and -lay filter to the other tank, then back to the first tank; the direction of flow through the cleanup filter-
«crarator and clay filter is the same in both of the two passes. This back-and-forth pumping is repeated for a total of
two or more passes. The fuel, in the original tank, is then recirculated for 5 min at 40 gpm through the cleanup
filter-separator and clay filter, and the “clay treated fuel” is sampled and analyzed for WSIM, IFT, and FSII content.
The clay-treated fuel may be held for a maximum of 72 hr before use in a loop test; if held longer, it must be
re-treated.

The clay-treated fuel is then blended with inhibitors as required for the subsequent test. It is assumed
that the clay-treated fuel contains absolutely no corrosion inhibitor, i.e., that such materials have been removed
100% by the clay treatment. The actual FSII content of the clay-treated fuel, as determined by analysis, is used to
calculate the FSII makeup requirement. ..

The treated fuel is then used to run a single-element loop test. Pre-test and post-test fuel samples are
analyzed for IFT, WSIM, and FSII content n addition to any other analyses specified in the single-element loop test
procedure.

d.  Specific Test Sequences

When fresh fuel is to be charged to the loop, the system is first drained thorcughly, including the
cleanup filter-separator and clay-filter housings. The loop is not ordinarily flushed, nor are the cleanup filter-
separator elements changed. One of the tanks is loaded with outside fuel (normally uninhibited fuel) in amount of
600 gal pius allowance for clay-filter holdup, line holdup, and losses. This fuel is recirculated for 5 min at 40 gpm
through the cleanup filterseparator only, and sampled for IFT and WSIM. It is then clay-treated with four passes,
after which it is used in a subsequent single-element test.

For a repeuat test »n the same inhibitors, no draining, flushing, or element change is required. Fuel losses
i the previous test are made up with outside fuel; the fuel is clay-treated with two or more passes and then used in
a single-element iest.

When changing cosrosion inhibitor (assuming that all tests are run with FSII present in the fuel), the
sequence 1s ilentizal to that used for epeat tests on the same inhibitor, except that four passes are used in the clay
treatnig

Fuel may be reused, and the same set of clay-canister elements may be continued in service, so long as
the treating continues to restore the tuel to “unmhibited-fuel quality.” as evidenced by high values for WSIM and
1T

Records on cumudative tuel volumes treated and clay-tilter throughput are kept tor each set of clay-
canster elements, the volumes bemng hroken down into unintiibited and mhibited fuel

3. Anatytical Technigques
a Genetal

Sic typee of anatyncgl tests were made o conpunction with most ot the loop tesis described in this
repune Using techmques desenied i thie secnion, analyses were made on mtluent fuel, efttuent fuel, and injection
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b. Influent Fuel
(1) Water Separation Index Modified (WSiM/} Determination

The method used followed ASTM D 2550-66T except for deviations in the test fuel flush (amcunt
and scheduling), in the schedu'ing of coalescer cell installation, and in the use of both hot and cold water (65 to
90°F) for temperature control instead of the use of only cold water as prescribed in ASTM D 2550-66T.

Two test fuel flushies of 180 tc 220 ml rather than 200 to 250 ml were used prior to calibration of
the suiput meter. hinmediately after the second test fuel flush, tlie coalescer cell assembly was installed and the
calibration of the output meier was then effecicd usityg 400 to 600 mi f test fuel.

{2) Interfacial Tension (IFT} Determination

In this determination, a platinum ring was pulled upward through a water-fuel interface and the
required force was measured. All determinations or this type were made using a Fisher Tensiomat Model 21
according to instructions supplied by the manufacturer and in general accordance with ASTM D 971-50. A few
important deviations from this method, however, were made. Instead of rinsing in pe roleum naphtha or benzene
followed by rinsing in mehtyl ethyl ketone, the ring was cleaned by rinsing in benzene or toluene followed by rinsing
in acetone. Also, the interface aging time was always 45 to 75 sec. Lastly, samples for analysis were never filtered
prior to this determination.

{3)  Fuel System Icing inhibitor (FS11) Determination*

In this test, FSII was removed from a sample of fuel by extraction with water. The amount of
icing inhibitor in the extract was then determined by measuring the difference between its refractive index and that
of the water used in making the extraction. The test method is described in FTMS-791a Method 5340.

A Seiscor Model AC-500 differential refractometer was used. However, the procedure deviated
from the manufacturer’s directions and from the FTMS.79ia method. A major deviation was the use of fuel-
FSII blends rather than water-FSII blends in preparing the cell calibration curve. Other deviations used in an
effort to refine the method and make the determination more accurate and reproducible were the use of a
second separatory funnel in which the FSil-extract solution could separate further from remaining traces of
fuel and the use of a polypropylene needle on the second separatory funnel to facilitate filling of the cell.

c. Effluent Fuel
(1)  Solids Content Determination

The method used followed the laboratory filtration method described in ASTM method D 2276-
67T. A known velume of fuel was filtered through a preweighed test membrane filter and the increase in membrane
filter weight was Getermined after washing and drying. The change in weight of a contro} membrane fiiter located
immediately below the test membrane filter was also determined. The total contaminaticn was then determined
from the increase in weight of the test membrane filter relative to the control membrane filter.

The only major deviation from the ASTM method named was the addition of a color 1ating of the
test membrane filter after the filtration, diying, and weighing.

{2) AEL Free Water Determinationt

With the AEL method, effluent fuel water content was measured using 4 porous pad which was
coated with a water-sensitive uranine dye. When fuel containing free water was passed through the water-detector
pad, a change occurred in the dye at the point of coptact of each water droplet. This change caused the dye to

*This determination is described in detail in Section VIUI-S of this report.
#Fvaluations of the AEL method of free water determination are Coscribed in earli-, reports.! L6)

25




fluoresce brightly when the pad was exposed to ultraviolet light. By using a measured sample volume, and comparing
the pad with known standards, it was possible to obtain a relative rating of free water content.

AEL free water analysis was performed on line samples at the sampling port using water-detector
pads conforming to MIL-D-81248 (WP) and the following sampler components available rrom Millipore Filter
Corporation:

'

No. XX64 03703 Quick-release valve

No. XX64 037 08 Sampler with inlet hose and valve assembly and
1000-m1 polyethylene bottle

No. XX64 037 75 Stainless steel monitor case

The ultravioici light pad-viewer and set of AEL standards conformed to MIL-V-81227 (WP) and
MIL-S-81282 (WP), respectively.

In an earlier report(é), the AEL free water detector was evaluated for accuracy of ratings. Results
of that evaluation indicated that for direct line samples from the Al/SS loop, there was a clear relation between
sample size and AEL rating. The optimum sample was indicated to be slightly less than 300 ml for best agreement of
AEL rating with free water content of the fuel. Other measurements, made in a batch-blending system which was
sealed to prevent water exchange between the fuel and the atmosphere, indicated that the optin.am sample size was
275 ml. These results suggest very strongly that the “as-read” AEL ratings for 500-ml direct line samples reported
herein are higher than the actual free water content. The AEL ratings obtained in loop tests and reported here* are
direct, “‘as-read” values. The samgle-size correction was omitted for two reasons: (1) it is not certain that a
correction factor bassd on resuits(6) obtained with uninhibited JP-S fuel can be universally used, and (2) as far as
comparison and statistical analyses are concerned, the conclusions that are drawn will be the same whether the AEL
ratings are multiplied by a factor or not.

d. Injection Water
(1) Determination of pH

A Leeds and Northrup pH indicator (Model 7401) was used according to the manufacturer’s
instructions.

(2) Solid Content [ieteriination

Ac in the case of the effluent fuel solids determination, this method followed closely ASTM
method D 2276-68T of laborate:y tiitration, but was modified for use with water sarples. Instead of the commonly
nsed &.8-u Millipore m<;uorane filters, metallic 0.8-u filters (Flotronics Inc, Cat. No. FM 47-80) were used. Filtered
distilled water %4d to be used, rather than petroleum ether, to rinse out the sample bottles. As in the determination
of cfiiueni fuel solids, a known volume of water was filtered through a pre-weighed filter and the total contaminant
was determined from the increase in weight of the filter after washing and drying. However, in analy zing water
samples, no control filters were used, since the silver mem'ranes a1 insensitive to variations in washing and
procedures or to changes in ambient humidity. ‘

{3} Surface Tension (ST) Determination

The technique used was essentially the method described in ASTM D 971.50. After having
obtained satisfaciory values (71 to 72 dynes/cm) for the surface tension of distilled water, a sample of injection
water was tested in the same way. This sample was drawn downstream of the water injection system filter and was
not refiltered prior to the determination. A Fisher Tensiomat Model 21 was used. One notable deviation from the
ASTM method was that the platinum ring was cleaned by immersing first i benzene or toluene and then acetone
rather than in petroleum naphthi or benzene and then methyl ethyl ketone.

*In the small-scale coalescence cesults reported in Section VH, AEL rating corrections were made.
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SECTION V
LOOP TEST RESIJLTS AND DISCUSSION

1. General

The loop test results used in the analyses which follow can be divided into four groups. One group designated
as “fuel quality parameters” includes WSIM and 'FT meacurements taken at thiee different times: post-clay treat-
ment, pre-test, and post-test. The second group designated as “injection water quality parameters” includes injection
water surfecc tension, pH, and solids content measurements. The third group of results, designated as “element
physical parameters,” inchides element weight, element differential pressure measured in the pressure-check trough,
and differential pressure measured in the AJ/SS loup «. zero-minutes test time. The fourth group of results,
designated as “element performance parameters,” includes elemesnt weight gain, percent dirt leud at L0 psi and .t 40
psi, average and maximum AEL free water rating of etfluent, average and maximum s>'ids content of effluent, and
average and maximum Totamitor readings on effluent fuel.

Statistical, graphical, and other analyses of the aforementioned parameters were performed as deemed neces-
sary in order to study various aspects of single-eiement filter-separator testing as followe:

®  Level and variation in fuel quality parameters during tests and the extent of correlation between these
varameters and the element performance parameters

e  Effects of clay treatment of fuel on fuel quality and element performance pa--meters
®  Effect of variations in injection water quality on element perforinance parameters

®  Variations in zlement physical parameters and the effect of these variations on element performance
parameters

®  Effects of additives ar fnel quality and element performance parameters
e  Relationships between element performance parameters

In addition, the last subdivision of this section deals with special tests and tests not sufficiently repiicated to
be zmenable to statistical analysis.

2.  Test Groupings

In order to make it easier to use information from the test dui nresented in the Appendix of this report and
the Appendix of an earlier report(s), several tables are presented which hist tests carried out under certain condi-
tions.

" . Q < A Y i > < N

in Table 9, tests conducted on JP-4 fuel are identificd as TABLEY TESTS INVOLVING JP-4 FUEL
to procedure and fuel condition, {resh or reused. Similar infor. .
mation for tesis condicted on JP-S fuel is gven in Table 10 ] '
rocedure |-

Tables i1 und 12 identaty tests rup on JP4 and JP-S, —
rcspectwcly‘,‘ prouped ;;g:fmding Fo u.d:lmvcx aut without 45,49 360001 A
regard 0 FSI content. Tabie 13 identifies tests vun at three vA L oo
different levels of ST content Tor hoth JP-4 and JP-S L-':_ Y E

Fuel condition

Fresh

e

Reused |
__’

3561862 i
|

S—

7]

19

P

Table 14 idenuties tests as to both type of injection water snd tvpe of solds contammant tests on
hoth P-4 and JP-5 are included




TABLE 10. TESTS {NVOLVING JP-5 FUEL

Fuel condition |
Procedure Fresh Reused
Fresh Reused | clay-treated clay-treated
10 63,64,66, 63,67,68 -
69-83,91-100,
110,134,138,14),
143,148
11 84,8586 - - -
4 12 8RS0 89
: i3-A 101,109.125.132, 220,247,248, | 221.242,249.255,
E t 133,136,137.140, 261,289,304 | 262.28%,290-298,
j 141,144 146,147, - 305-312
184-211,243-246
13-B 102 -
13-C 103 - -
13-D 104 - - -
13-E 105 N - -
13.F i06 - -
13-G 111 - - -
13-H 112 -
13- 114 -
i 13.J 115,126-131,135, -
139,145,149-151,
? : 154.155,157.159.

161.162,170.172,176-1
179,225-229

13K 116 -
13-L 117 -
13-M 124
13-N 152.153.156.138,

160.163-165.171,

173
13-0 165-109.174,175, --

130-183
13-P 315-322
12.Q 3.3.324
14 108
i4-A T TI9 121123 -
14-B 120

MIL-F-R90IB inhibited

£ tuel test at 40 gpm . 256

L Media migration 25KA 1594 [

[ Dry RIO rest 2SKB 2598 -
Water removal .- 260A
RIO and water z60B

i Moditied inhitwted

I tuel et - 314,328 325.327,

- - 329

 Inhibited tuel test
l at 3 gpm

87 1




IR iy

W et b

TABLE 11. TESTS INVOLVING JP-4 PLUS ADDITIVES
WITHOUT REGARD TO FSHI CONTENT

Additives Test numbers
None 48-51.60
4 1b/Mbbl Sat 52.53,62
16 15/Mbbl Sat 5455
41b/Mbui AFA 56,212,213
4 1b/Mbbl AFA + 1 mg,? ASA 214-216
1 mg/€ ASA 217219
5.5 1b/Mbbl Tol 57,58
5 1b/Mbbl Lubr 59

TABLE 12. TESTS INVOLVING JP-§ PLUS ADDITIVES
WITHOUT REGARD TO FSII CONTENT

Corrosion inhibitor Other additive Test numbers
None None 63,80,81,87-90,129-131,258A-2608,
299-3038
None 0.60,0.80 mg/2 ASA [61A61B
None 1.00 mg/€ ASA 217-219
Nene 0.02 mg/% PtL 186
None 0.05 mg/2 AL 187,188
None 0.20 mg/2 PtL 185
None 1.00 mg/2 PtL 184
None 0.02 mg/2 PICR 189
None 0.05 mg/ PICR 190
None 0.10 mg/¢ PICR 191
Nore 0.20 mg/2 MCR 192
None 0.25 mg/2 PICR 193,195
None 0.50 mg/2 PICR 196
None 1.00 mg/e CR 194
None 1.00 mg/¢ NC-2 187
None 10.00 mg/® NC-2 198
None 3690 mg/2 NC-2 199
Nene 0.50 mg/2 NA-1 203
None 1.00 mg/R NA-1 201
None 5.00 mg/€ NA-] 200
None 10 00 mg/e NA-] 200
4 ih/Mbbl St None 5§2.53.62.09.15%,100.165
16 1b/Mbbi Sat None 54.68,70-79 8386 9199
125-128,101-100,100-1068,704,220 729,
1256,257.261. 272,317 318,320,323,
| 324
4ib/MbbE AFA None §6.157,158 205 213
10 1b/Mbbi AFA Nune 4,328 327,429
16 Ib/Mbhi AFA None F0O-108.121-3 24.156-156.1 74,
175.230-234 273 29K 115 316
S SibMbbl Tol | None §7,58.130 144
20 /M Tl | Nooe PAL 143,045 048 049
SIb/EbA Lube | Nowe IESRE
201b/Mbbl Lubr | None ‘[ T47 149 250 252 249 298,304 113,
: PAM N
71t/Mbbl RP [ None BVARES
0 I/MBBRF | None TG R AL R RIS LI &)
145 1b7Mbal EDS | None EMRET
9 ibiMbbi Uini Nowgee Sl AT6 177 1A 1L
None PEIT IR T T IR R 250088

20 ib/MBhi Uni

'\"

-

e e e e e e




TABLE 13. TESTS INVOLVING JP-4 OR JP-§
AT DIFFERENT FSIl CONCENTRATIONS

FSI1 '
concentration Test numbers
’ JP4 JP-5

vol %

0 48.49 63,73,8490,184-203,258A,
258B,259A,2598B,328

0.10 - 207219

0.15 50-60,61A, | 64-72,74-8391-183,

61B,62 205,206,220-257,

261-298,304-327 329

TABLE 14. TEST GROUPING BY INJECTION WATER
TYPE AND SOLID CONTAMINANT

Contaminants

Test numbers

No water, no solids
No water, red iron oxide (I-116)
Filtered tap water, coarse AC cCust

Filtered tap water, fine AC dust

Filtered tap water, red iron oxide (I-116)

Filtered tap water, red iron oxide (R9998)

Filtered tap water, ground iron ore

Filtered tap water, magnetic black iron oxide

Tiitered tap water, 50% coarse + 50% fine
AC dust

Type B synthetic water, coarse AC dust

Type B synthetic water, red iron oxide (I-116)
pH 5 {distilled water + NaCl + NaOHj}, coarse AC dust
ph 7 (distilled wzter + NaCl'+ NaOH), coarse AC dust
pH 10 (distilled water + NaCt + NaOH), coarse AC dust
65% type B+ 35% FSII, coarse AC dust
Distilled, coarse AC dust
- pH 9.5 (type B+ NuOH), coarse AC dust
Type B+ Nall, coarse AC dust
Contaminated distilled water, from previous
test, coarse AC dust
pH 9.5 (distilled + NaHCO, + NaOH),
coarse AC dust

258A,259A

258B,259B
48.96,99,101,102-104,106,108,109,
111-114,125,132,133,136,137,140-144,
146-148,184-203,205-224,230,257,
261-298,304-313
115-123,126-131,135,139,145,149-165,
170-173,176-179,225-229

105

124,314,325-329

315-322

323,324

166-169,174,175,180-183
49-56,58-60,61A4,61B,62-73,77,80,
84-86,91,100,110,134,138
88-90

74

75

76

78.79.81

95

92

82,83

93,94

97




Table 15 groups tests accouing to filter-separaicr slement identification.

TABLE 15. TESTS INVOLVING DIFFERENT
FILTER-SEPARATOR ELEMENTS

Element identification Test numbers

Filters Inc, lot 286 43-6061A,61B,62 3

Filters Inc, lot 428 84-90

Filters Inc, lot 440 91-150

Filters Inc, lot 440A 151-199

Filters Inc, lot 465 200-257,258A,2588B,
276, 278,282,287,290,296,
304,308

Fii:ers Inc, lot 516 259A,259B.260A,2608B,315-324

riiters Inc, Govt. Std. 310-313

Fram, lot 14 CC-S11B 261,264,265,268,273,280,281,

288,289,295.298,307

Bendix, part no. 045380004 262.266,267,269,274,279 284,

285,292,294 297 306

Bendix, part no. 04580004 314,325,326

ID 69 M2814 (special RIO)

Bowser, part no. A1389B 263,270-272,275,277,283,286,291,
293,305,309

Bowser, part no. A1389B 327-329

(special RIC
-

3. Data Ured

The data used fall into five classifications: test condition, fuel quolity parameter, water quality parameter.
element physical parameter, and element performance parameter. Th 53 d-ta items used in the computer a2 s
are listed and described in Table 16. These data were extracted from he Test Data Suramary Sheets given in the
Apperdix of this report and in the Appendix of Reference (5), as well as trom the data shects of the vanous
analy ical tests performed on sample fuel.

Most ~f these data items are fully deficed by the descniptions given in the table. Some additional remarks are
needed to clarify the meaning and method of determination of certain parameters refated o the elements.

The two values for “element 3P are deternuncd 2t the start of 4 given foop test The value determuned in the
open trough represents the resistance of the element itselt to flow of umnhibited JP-S tuel at 20 gpm. The value
determined at () min” represents the resistance of the entire test unit including housing, element. and canster
measured under actual test conditions. Stactly speaking, this latter value {0 minis nut the ¢!, wnr ditterentis! pressure
although the element surely contributes mast of the resistance. As discussed in Section VL 1ot this report the actual
contribution of the element cannot be determined from measurements on the housng Thus, the two valyes
obtained (in the trough 2t in the loop) must be regarded a5 two separate measuses of element flow resistance




TABLE 16. LISTING OF TEST DATA USED IN COMPUTER ANALYSES

Datum

Description

Test conditions

Test no.

Fuel

Fuel batch no.

Procedure

Cerrosion innibitor
Corrosion inhibitor concentration
Other additive

(ther additive concentration
Blenced FSII concentration
Eflement manufacturer
Elemnent lot or identitication
Type of injection water
Type of solids

Galions of water injected

JP-4: frech or reused
JP-5: fresh, reused, fresh clay-trcated, or
reused clay-treated.
Batches 14.25
Thirty procedures as described in Seciion IV
Seven inhibitors plus uninhibited
Concentration in 1b/Mbb!
Includes anti-static additive and surfactants
Concentration in mg/?
0U.1,0r 0.15vol %
Filters Inc, Fram, Bendix, or Bowser
Identification of 13 different lots
Identificatior. of 13 diffurent waters
Identification of 7 different solids
A measure of fuel washing based on the water
injection rate in gpr X the time
during which water was injected.

Fuet quelity para:neter:

Pozt-clay WSIM

Pre-test WSIM

Post-test WSIM

Post-lay IF¥

Pre-test IFT

Post-test IFT

Post-clay FSII

Pre-test FSH

Post-test FSII

Post-clay WSIM disk stain color
Pre-test WSIi disk stain coloi

Post-test WSIM disk stain color

Measurement taken on sample fuel drawn
immediately after clay treatment.

Measurement i2ken on sample fuel diawn
immediately before test.

Measurement takan on sample fucl drawn
irimediately after test.

M.2asurement taken on sampie fuel drawn
immediately after clay treatment.

Mzasnrement taken on sample fuel drawn
im: “diately befoie test

Measurement taken on sample {ucl drawn
immediately arter ‘est.

Measurement taken on sample fuel dzawn
immediately after clay treaiment.

Measurement taken on sample fuci drawn
immedizately before test.

Measurement taken on sz:nole fuel drawn
immediately aftar test

Celor of stain on fine media disk rated
as none, light, medrum or dark.

Coelor of stain on fine media disk rated
as none, light, medium or dark.

Color of stain on fine ricdia disk rated
as none. light. mediun or dark.
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TABLE 16. LISTING OF TEST DATA USED IN COMPUTER ANALYSES (Cont'q)

Datum

Description

Post-clay WSIM disk stain size
Pre-test WSIM disk stain size

Post-test WSIM disk stain size

P

Diameter of stain on fine media disk,
16th in.

Diameter of stain on fine media disk,
16th in.

" Diameter of stain on fine media disk,

16th in.

Water quality parameters

pH of injection water
Surface tension of injection water

Solids in injection water

Measurement taken on sample of injection
water used in test.

Measurement taken on sample of injection
water used in test

Measurement taken on sample of injection
water used in test.

Element physical parameters

Element weight (initial)
Element AP in trough
Element AP at 0 min

Pre-test weight, g
Differential presscre in trough, psi
Differential pressure at start of test,

psi

Element perfornance parameters

Element weight gain

% dirt load at 20 psi

% dirt loaa at 40 psi
Average AEL*
Maximum AFL* rating

AEL* rating of sample A

AEL? rating of sample D

AEL* rating of sample C

(Post-test dricd weight)-(pre-test
weight), g

Based on calculated amount of injected
solids and eleinent rated capacity of 207g.

Based on calculated amount of injected
solids and element rated capacity of 200g.

Average of ali measurements after start of
water injection, mg/%, up o 40 psi.

Maximum of all measurements after start of
water injection, mg/Q, up to 40 psi.

Value obtained at following times:
Procedure 10: 95 min: Procedure 89018,
modified inhibitor fuel test: 65 min;
all other procedures: S min.

Value ohtained at following times:
Procedure 8901 B, modified inhubitor
fuel test. 80 min; all other procedures:

20 psi.

Yalue obtained at following times:
Procedure 89018, modified inhibitor fuel
test: 90 min; all othe, procedures:
4Q psi.
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TABLE 16. LISTING OF TEST DATA USED IN COMPUTER ANALYSES (Cont’d)

Datum ] Description

Average solids content Average of all measurements after start of
solids injection, mg/®, up to 40 psi.

Maximum solids content Maximum of all measurements after start of
solids injection, mg/¢, up to 40 psi.

Solids in sample A Value obtained when drawing corresponding
AEL sample.

Solids in sample B I ~alue obtained when drawing corresponding
AEL sample.

Solids in sample C Value obtained when drawing corresponding
AEL samy'z.

Average Totamitor rating Average of all measurements taken after
element had been ¢xposed to water or
solids.

Maximum Totamitor rating Maximum of all measurements after start of
either water or solids injection, up to
40 psi.

Totamitor at sample A Value obtained when drawing corresponding
AEL sample.

Totamitor at sample B Value obtained when drawing corresponding
AEL sample.

Totamitor at sample C Value obtained when drawing corresponding
AEL sample.

*AEL ratings determined on 500-ml sampies. Ratings have not been corrected for sample volume.

The “element weight gain” represcnts ihe smount of solids retained during the eatire test. If retention is
efficient, and if the dirt feeder is operating properly, the weight gain corresponcs closely to the “calculated” dirt
injection. The calculated values, based on dirt feeder calibration, are used to obtain the “dirt loads at 20 and 40 psi,”
expressed as perceniages of the nominal dirt capacity of 200 g. The measured “weight gain” refers to the entire test,
nut to any given pressure differential, and hence does not necessarily correspond to a calculated value for 20 or 40
psi even if retention is tota! and the dirt feeder calibration is perfect.

The samples designated A. B, and C (Table 16) are efflucnt fuel samples chosen arbitrarily to give the
mnaximum number of comparable data point: fur each procedure.

4.  Statistics and Computor Program

All computer programming was performed by personnel of the Directorate of Computation Services, Aero-
nautical Systers Division, Wright-Patizrson Air Force Base, Ohio. Computations were made on that organization’s
IBM 7090/7094 direct-coupled system. Fortran IV larguage was used.

Three types of statistical information were derived from the computer program. Minimum, maximum, mean,
and standard deviation of the various parameters were extracted or coiputed for test groupings according to
different combinations of test conditions. A special program was written for storing and retrieving data and the
computer output was obtained by means of the TALLY subroutine (slightly altered).

The second type of computer output consisted of parameter means and standard deviations for tests grouped
according to various combinations of test conditions and 1l-0, the calculated value of Student’s t for pairs of test
groupings. These calculations were performed by means ut' the TTEST suuroutine. Ar example of this output is as
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follows: mean and standard deviation of element weights for each 2lement lot are calculated and then Student’s t is
calculated for different pairs of element lots. Student’s t can be used to assign levels of significance ‘o the difference
of means of two groups of data. This last operation was performed manually using putlished significance tables(8),

The third type of computer output consisted of regression coefficients and equations and correlation coeffi-
cients for pairs of parameters from tests grouped according to various combinations of test conditions. A typical
example of this type of output is the regression and correlation coefficients for element weight versus element
differential pressure for groups of tests having the same element lot and fuel. The regression and correlation
calculations were performed by means of the MISR subroutine (slightly altered). Additional output from this
subroutine includes means, standard deviations, skewness, knrtoris, and standard errors of regression coefficients.

In addition to the foregoing computer programs, a program was written to compute the ¢ statistic used in
determining the significance of the difference between two regression coefficients. The equations used in the

computer calculations are given below.
/2 (X - X)?
SD= __(___)
n—1

Standard deviation({SD)

where
X = individual parameter value
X = mean of all parameter values
n = number of parameter values

Student’s t for difference of means

X, — X,

\/ﬂﬂxﬁ+@mf
n, 1,

where X, and X; are means of parameters for data groups | and 2, SD, and SD, are standard deviations of
parameters for data groups 1 and 2, and n, and i1, are number of parameter values in data groups 1 and 2.

Regression coefficient (b)

_ZIX - X)Y - V)]
(X - X)?

where Xand Y are individual parameter valuer.
The regression coefficient appears in the equation for the regression line as follows:
Y=bX+a
where ais the Y-intercept of the line (a is provided in the computer output).
The above two equations refer to the line of regression of Y on X, i.e., the best least-squares fit to minimize
deviations from the line in the Y-direction. In accordance with customary usage, X is the independent and Y

the dependent variable.
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Correlation coefficient (r)

. Srx=RE
f LY -Y)

Correlation coefficients provide a measure of the scatter of data about the regression line. Correlation coeffi-
cients may range from -1 to +1 and will have the same sign as the regression coefficient. A value of zero denotes no
correlation and a value of unity denotes perfect correlation (all points on the line). The significance of intermediate
values depends upon the number of degrees of freedom (n — 2).

Statistical significance is stated in terms of the probability (percent) that a greater correlation coefficient
would be obtained by chance in infinite samplings of the same population. Leveis of significance of correlation
coefficients reported herein were obtained from Reference (§).

Student's t for difference between rc gression coefficients
The level of significance of differences in regression coefficients was assigned by first calculating the t statistic

«nd then determining the level of significance from a v ble relating t values to probability of chance occurrence of
greater differences(8). The equation ) for calculating tis given below:

l‘)l"bg
t=

R AR AR C A S
n; +n; —4 j(ny - l)S',’(I (1 — 1) S§2

-

where b, b, are regression coefficients; n,, n, are number of data in each set: and Sxy» Sx,, are standard
deviations.

The significance level of various statistics is stated as w.c percent probability (P) that a greater difference in
means, a greater correlation coefficient, or a greater difference in regression coefficients could have occurred by
chance. For exaraple, if a correlation coefficicnt is significant at the 5% level, a larger correlation coefficient would
oceur by chance 5% of the time in an infinite number of samplings on the same popuiation. It should be emphasized
that smeller probabilities indicate greater significance. For example, customary designations of significance levels are
as {otlows:

Significant: Probability less than 5%
Highly significant’ Probabiiity less than 1%

Very highly significant:  Probability less than 0.1%
5. Fuel Quality Paramaters

a Typical Leveis of Fuel Quality Pararneters

Twe tuel quality parameters (WSIM and 1FT) were measured in most of the Al/SS loop tests. Generally,
each parameter was measured on samples taken at the following times: post-clay treatment, pre-test {after blending
with additives), and post-test.

Mean pre-test WSIM values for four different JP-4 biends are given in Table 17. The number of measure-
maeptsas thres o less in every case and neither the accuracy nor precision can be considered as very reliable.

The unifermity of WEIM levels for clay treated JP-5 is shown by the results on three fuel batches given
in Table 1K Fuel batches 23 and 24 had mean pest-clay WSIM values which were very close, 96.5 and 96 4,
respectively. The mean post-clay WSIM value for batch 25 (98.4) was significantly different (P < 1%) than
those obraned for either batches 23 or 24
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Table 19 contains mean pre-test WSIM data for a
variety of JP-5 fuel blends including both clay-treated 2nd
untreated fuel. Also, mean post-test WSIM data are given for
all of the clay-trcated fuel blends except for uninhibited JP-5.

As part of the later WSIM tests on JP-5 the size
(diameter) and color of the stain on the WSIM disks was
recorded. Mean size and color ratings for clay-treated JP-5 of
three different batches are given in Table 20.

None of the fuel batches exhibited either mean
WSIM stain size or stain color that was significantly different
from either of the other two batches.

WSIM disk stain size and color rating data for pre-
test and post-test measurements on a variety of JP-5 fuel
blends are given in Table 21. Considering first the results from
tests invoiving JP-5 which had not been clay-treated, there is
considerable variation in both the mean stain size and color
rating for the various fuel blends. The limited number of
replicate tests precludes any attempt to det._: significant dif-
ferences in the WSIM-disk staining characieristics of the fuel
blends.

Results from tests on clay-treated JP-5 are given in
the lower half of Table 21. The level of both stain ...c and

TABLE 17. PRE-TEST WSIM DATA FOR

JP-4 FUEL BLENDS
Pre-test WSIM
Fuel biend No.of Mean | sD
measurements

P4 2 1600 {0
JP-4+0.15% FSH 3 93.7 | 9.29
JP4+ 1.0 mg/2 ASA +0.10% FSlil 3 91.0 |5.57
JP4 + 4 1b/Mbbl AFA + 1.0 mg/?

ASA +0.10% FSll 3 720 | 673

TABLE 18. POST-CLAY TREATMENT WSIM
DATA FOR JP-5 FUEL BATCHES

Post-clay WSIM
Fuel No. of Mean sD
batch tests?
23 33 96.5 2.31
24 49 96 .4 247
25 16 98.4 1.86

“Includes only tests in which postcluy treatment WSIM measure-
ments were taken.

TABLE 19. PRE-TEST AND POST-TEST WSIM DATA
FOR JP-5 FUEL BLENDS

Corr | Concn, | FSI, Pre-test WSIM Post-test WSIM
inhib | 1b/Mbb! | vol % No. of Mearn | SD | Procedure No. of Mean | SD
Measurements Measurements
Untrecied JP-S
none | ~ 0.00 N 835 [ 120 l I
none - AN 6 870 6.0
Snt 4 015 4 n2t o7y -
Sat 16 0.00 3 77 130
Snt 16 615 34 M1 to9r
AFA 4 0.10 5 221 %o
AFA 4 0.1¢ 4 622 | 45
AFA i 0.18 | 609 [ 100
Tol 20 0.15 4 Wo ]
Lubr 20 0.1§ i CMR UN
RP 20 0.1% 1R 4 K4
EDS 45 G.1s 4 a0
Uni 9 618 s AR R .
U 20 0is jrg el .
1 1 o 1o
(lay-treated JP o J
none |- 000 : R , T T
(RS 5 T R4
Sat 1o u1s 20 o 1t 13A 11 ED RN I
Snt 16 015 . . 3P B grt oo
AFA 10 015 4 W] e . 4 LTI I 94
AFA 16 01 b TR | o8 1A o " qu
) ubs 20 018 25 wie | oY 1VA N ST IR
RP 20 018 G o4 4 9 [REY ] 66 5 |iu
[ Uni 20 01 A IRV Hl 13-A ! T | 4-
*Modified AN0LS Lahibited fust te::
17




TABLE 20. WSIM DISK STAIN SIZE AND
COLOR FOR CLAY-TREATED JP-5

IWSIM disk stain diameter,

WSIM disk stain
JP-5 batch no. 16th in. color*
No. of tests | Mean{ SD | No. of tests | Mean | SD
23 33 32 | 27 33 0.8
24 47 36 | 25 47 08
25 15 27 | 2.8 15 0.8

*Color rating scale: 0 = none; ! = light; 2 = medium; 3 = dark.

-

stain color for tests on clay-treated
JP-5 are much less than corre-
sponding values for tests on un-
treated JP-5. These results con-
clusively demonstrate that clay
treating removes some stain-pro-
ducing constituents from the fuel.

.Wear debris from the separometer

pump is another source of staining.
The amount of staining caused by
wear debris will tend to decrease
with increased lubricity of the fuel.
The lesser staining propensity of
the clay-treated fuel implies that
lack of lubricity is not the sole

factor contributing to staining, for if it were, clay-treated fuel would produce as much stain as untreated fuel.
However, in some cases, lack of lubricity may be a significant factor in stain production. For example, both
stain size and color are significantly less for fuel blends containing Lubrizol 541 than for fuel blends
containing either Santolene C or AFA-1. These differences may be attributable to differences in either
lubricity or concentration of stain-producing constituents as effected by the different corrosion inhibitors.

TABLE 21. WSIM DISK STAIN DATA FOR JP-5 FUEL BLENDS

15 fuel blend No, | Pre-test WSIM disk stain, |, | Post-test WSIM disk stain,

- Diameter, Color Diameter, Color
Corr | Concn, | FSIL, | of . - of | Procedure , .
inhib | Ib/Mbb! | % | tests |rothin: rating” 1 rests I6thin.__ | rating

Mean | SD | Mean | SD Mean | SD [Mean | SD
Untreated JP-5
Snt 4 0.15 3 67 | 1.1 17 {06 | -- - -
Snt 16 0.15 7 64 | 16| 21 |04 | - -
AFA 4 0.10 ) 58 | 04| 12 | C4 | - -
AFA 4 0.15 3 €0 { 00| 20 0 - -
AFA 16 0.15 6 4.7 | 2.1 1.7 | 1.0 - - -
RP 20 0.15 6 3.3 1.2 1.0 0 = - - -
Uni 9 0.15 4 72 (1.0} 1.0 0 - -
Uni 20 0.15 4 38 | 33} 08 |05 - -

l
Clay-treated JP-5
Snt 16 0.1§ 28 1.9 2.5 0.6 09 16 13A 3.1 24 0.8 0.7
5 131 0 0 0 0

AFA 10 0.15 4 10 1201 02 {05 4 890IB} 0 0
AFA 16 0.15 | 23 2.1 201 06 |05 |21 13A 06 |14 | 02 |04
Lubr 20 0.15 25 04 | 13 01.103 |21 13A 06 | 1.3 102 {05
RP 20 0.15 _ 121 141 08 |1.0 8 13A 05 {109 §02 |05
Uni 20 0.15 3 1.3 1231 03 |06 3 13A 0 0, |0 0
*Rating scale: 0 = nope, 1 - light, > - medium, 3 = dark.

tModificd 89018 inhibited fuel test,
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Results in Table 21 also suggest that, during the course of a given filter-separator test. the stain-
producing tendency of the fuel was decreased, as evidenced by generally’ lower color ratings and stain sizes for
post-test WSIM disks than for pre-test WSIM disks. This reduction in staini:g could very well be attributed to the
removal of stain-producing constituents either by

entrainment in the coalesced water or by retention TABLE 22. POST-CLAY TREATMENT IFT DATA
in the filter-separator element. FOR JP-5 FUEL BATCHES
Post-clay treatment IFT data for JP-5 ,
fuel of three different batches are given in Table Fuel Noof Post-clay t;:atment IFT 5
22. Batch 23 had a mean IFT value which is sig- b ‘:eh ¢ 0;?' ean S
nificantly less than that of either batch 24 or 25. ate ests
A greater difference in means would occur by
N . P 23 33 42.2 2.09
;Sa;‘m;ienm less than 1% of an infinite number of.. 24 49 442 346
PHNgS. 25 15 4.7 2.66
In Table 23, pre-test IFT data for Jt 4
fuel blends, JP-5 fuel blends, and clay-treated JP-§ *Includes only tests in which measurements were taken.

fuel blends are given along with post-test IFT data
TABLE 23. PRE-TEST AND POST-TEST IFT DATA FOR JP-4 AND JP-5 SUEL BLENDS

Fuel blend* Pre-test IFT, dyn/cm Post-test 1FT, dyn/cm
Corr | Concn, | FSII, | No.of | Mean |SD |Procedure | No.of | Mean | SD
inhib | 1b/Mbbl | vol % | tests tests
Untreated
nonet 0.10 3 427 10.6 - - U [
Snti 4 0.15 3 357 |25 - - -
AFAt 4 0.10 3 263 |1.5 - - -
none 0.15 6 438 |15 -
Snt 4 d.15 4 388 126 - -
Snt 16 0.00 4 365 {13 |11 3 400 | 1.0
Snt 16 | 0.15 34 349 (2.7 - -
AFA 4 0.10 5 336 (1.1 - - - -
AFA 4 0.15 4 332 1.0 - - -
AFA 16 0.15 21 233 11.2 - -
Tol 20 0.15 4 252 |1.0 -
Lubr 20 0.15 3 263 0.6 - -
RP 20 0.15 18 27.1 0.7 -
EDS 14.5 0.15 4 135 (1.7 - -
Uni 9 0.15 5 32.0 |4.8 - - - -
Uni 20 0.15 7 23.7 |56 - -
Clay-treated
Snt 16 0.15 29 36.1 (2.2 13A 17 384 | 23
13] 5 354 | 1.3
13P 3 347 | 1.5
AFA 10 0.15 4 248 10.5 | 890]1B** 4 258 | 0.5
AFA 16 0.15 23 224 (09 | 13A 21 22.7 1 09
Lubr 20 0.15 25 256 116 | 13A 23 263 { 1.7
RP 20 0.15 9 26.8 |12 | 13A 8 268 | 1.7
Uni 20 0.15 3 23.7 3.1 o
*JP-5 unless otherwise indicatzd. **Modified B901B inhibited fuel test.
4JP-4 fuel blend, also included 1.0 mg/RASA.
1JP-4 fuel blend.
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for several JP-5 blends. The results indicate that there is no significant difference between IFT levels for fuel-corro-
sion inhibitor blends made with clay-treated or untreated JP-S, As would be expectad, IFT decreased with increased
corrosion inhibitor concentration for all the corrosion inlibitors which were used.

Both pre-tesi and post test IFT measurements were made on only six fuel blends. In the case of one fuel
blend, clay-treated JP-5 + 16 1b/Mbbl Santolene C + 0.15% FSII, post-test IFT measurements include those from
tests run according to three different procedures, thus making eight groups of post-test IFT me=asurements. In six of
the eight groups, the mean post-test IFT is greater than the mean pre-test IFT. This suggests, but not conclusively,
that the coalesced water removes some fuel constituents to effect ar: increase in IFT,

b. Variation in Fus! Quality Parameters with Water Washing

Almost all of the test procedures used in this work included injecting water into the fuel at one time or
another during the test. Virtually all of this water is removed by the test filter-separator element which is con-
sequently well permeated with water. Thus, the fuel passing through the element comes inio contact with large
surface areas of water, in addition to the extensive water-fuel contact occasioned by the mixing screen and the
turbulznt flow in the line up {o the test filter-separator housing. The reroval of water-soluble fuel constituents by
the coalesced water could very possibly affect fuel composition or fuel quality parameters 2s foilows: FSII concen-
tration, post-test IFT, and post-test WSIM and related measurements, WSIM stain color, and size.

There appears to be a negative correlation between FSII concentration and the amouat of water to
which the fuel hac been exposed during a test. Regression and correlation calculations were performed using fuel
washing (total amount of injected water) as the independent variabie and FSII content as the dependent variable,
Results of these calculations are shown in Table 24. The graater solubility of FSII in water than in fuel 'would be
expected to result in the removal of FSII along with the coalesced water. In five out of seven groups of tests, thera
was a significant negative correlation between post-test FSII concentration and water washing. The two cases of
positive correlation are not significant. The overall degree of negative correlation is probably as good as can be
expected, since the theoretical equation for FSII extraction in a closed-loop system is logarithmic rather than linear

TABLE 24. EFFECT OF WATER WASHING ON POST-TEST
FSII CONCENTRATION

(Fuel: JP-5)
Correlation
Additives No.‘of Regression cquation® coefﬁcxelnt_.“__
tests Value Signif
level, %
Untreated
16 1b/Mbbl Snt + 0.15% FSII 23 Y =0.0005X + 0.01 0.19 | >10

(%)

20 ib/Mbbl Lubr + 0.15% FSil Y =-044X +0.11 -0.99 <0.1

Clay-treated
16 ib/Mbbl Snt + 0.15% FSII 27 Y =-0.002X+0.09 | -0.83 <0.1
10 1b/Mbbl AFA + 0.15% FSHI 4 Y=-0.001X+0.05 |-1.00 <0.1

16 1b/Mbbl AFA + 0.15% FSlI 23 = —0.010X +0.13 ~0.68 <0.1
20 1b/Mbb! Lubs + 0.15% FSII 25 Y =-0.010X+0.14 | ~0.54 1.0
20 Ib/Mbbl RP + 0.15% FSlI 9 Y =0.002X + 0.08 0.03 { >i0

*Y = FSH{ concentration; X = Fuel washing. I




and includes the water injection ratio as well as the total amount of water injected. For this 600-gal system,
assuming 100% extraction efficiency, a coefficient of 200 for distribution of FSII between water and fuei phases,
and uniform FSil concentration in the supply tank, the equation is

log C/C, = ———————
o2 C/Ca 6.9(1 + 200 R)

where

C = final concentration of FSII

C. = initial concentration of FSil

W = total water injected, gal

R =injection ratio (water/fuel rate r2tio)

The validity of this theoretical equation has been confirmed for specific cases, but no statistical tests
have been made.

There appears 0 be slight correlation between post-test IFT and water washing. Although five out of
seven correlations are positive (see Table 25), only two are statistically significant.

Post-test WSIM appears to increase with increased water washing, as evidenced by five positive cor-
relation coefficients (four of which are suatistically significant) out of seven, as shown in Table 26.

There appears to be no significant correlation between either WSIM stain color and size and witer
washing, see Tables 27 and 28.

)

TABLE 25. EFFECT OF WATER WASHING ON POST-TEST IFT

{Fuel: JP-5)
. Correlation
Additives No. of Regression equation* coefﬁcxe‘nt -
tests Signif
Value
level, %
1
Untreated
PtL 5 Y =0.20X+308 0.15{ >10
P:Cr 8 Y=-075X+46.6 | —-0.44 | >10
NA-1 4 = -0.26X+539 | -0.79 | >10
C 1y-treated :
16 ib/mbbl Snt + 0.15% FSII 29 Y=0.12X+37.1 0.41 2.5
10 Ib/Mbbl AFA + (;15% FSH 4 Y =0.06X + 24,5 0.56 | >10
16 1b/Mbbl AFA +0.15% FSII 23 Y=049X+21.0 045 2-5
20 Ib/Mbbl Lubr + 0.15% FSII 25 Y =0.63X+25.8 025 | >10
*Y = Post-test IFT; X = Water washing.
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TABLE 26. EFFECT OF WATER WASHING ON POST-TEST WSIM

{Fuel: JP-5)
Correlution
Additives No. of Regression equation® cw“m?m -
tests Signf
Value .
fevel, #
Untreated
Pt L S Y=0.00X +45.8 0.9 2.8
PLCR 4 Y =(0.38X + 67,5 0.50 1.2
NA-L 4 Y = 0.50X + 64.1 0.67 >10
Clay-treated
16 Th/MbblSar + 0 U370 FSTT 29 ¥ =040K+ 758 0.40 2.5
10 Ih/Mbbl AFA + 0.15% FSII 4 Y=0,18X+450 Q.98 0.1
L6 ih/Mbhl AFA + 0.1 5% FSli 23 Y=-046X+87.1 ~0.40 5-10
20 1b/Mbbl Labr + 0.15% FSII 25 Y=-064X+700 | ~0.40 S
l *Y = Post-test WSIM, X = Water washing.
TABLE 27. EFFECT OF WATER WASHING ON
POST-TEST WSIM STAIN CCLOR
{Fuel: JP-5)
Correlation
Additives No. of Regression equation® coeﬂ'icle.nl -
tests v Signif
alue A
lavei, %
Untreated
P1CR 8 | Y=003X+0Y6 020 >10
NA 4 | ¥=-010X+002 [-015] >0
Clay-trevied
16 Ib/Mbbl Sar + 0.15% FSII 29 Y=0.15X + 047 0.22 >10
16 1h/Mbbl AFA +0.15% FSH 23 Y = 0.07X - 0.61 0.18 >10
20 th/Mbbt Lubr + 0.15% FSIT 25 Y=-017X+038 |-0.22 >10
20 1h/Mbbl RP 4 0.15% FSIl 9 Y=-059X+022 [|-033 >10
'Y = Post-test WSIM stain color, X = Water washing.

TABLE 28. EFFECT OF WATER WASHING ON POST-TEST

WSIM STAIN SIZE
(Fuel: JP-5)
Courrelation
Additives No. of Regression equation® coefﬁclgn!
tests v Signif
alue
fevel. %
Unireated
PiCR S Y=s051X+39 0.85 >10
NA-I 4 Y =0.67X +4.05 0,97 2.5
Clay-ireated
16 Th/Mbbl Sat + O.15% FSII ps Y=0.12X+1.50 045 T |
T Ih/Mbbl AFA + 0.15% FSIH 23 Y =0.24X - 0.20 0.16 >16
20 16/Mbbl Lubr « 0.15% FSI1 28 Y*-045X+09) {-0.23 >10
20 1b/Mbbl RP ¢ 0.15% FSH 9 Y =0.002X + 0.08 033 >10
*Y = Pust-test WSIM stain sdze, X = Water washing,
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c.  Correlation Between Fuel Quality Parameters and Element Performance Parameters

Knowledge of the correlation between fuel quality parameters, WSIM and IFT, and the various param-
eters of element performance would prove very useful for predicting performance of filter-separator elements both

in testing and in field applications. Relations between
the fuei quality and element performance parameters
were scught by means of regression and correlation
calculations on groups of tests on JP-5 fuel; each
group -onsisted of tests having the same corrosion
inhibitor corrosion inhibitor concentravion, and FSII
concentration, and were run on the same lot of
elements; see Table 29.

The .esults of these calculations are
rather surprising. Correlation was generally poor, and,
where s[.ght correlation was suggested, thr -orrelation
was in nearly all cases of oprasite sign to what would
be logically expected. The overall implication of these
calculations is summarized in Table 30. The extent of
correlation was assigned on the following basis: slight
pusitive correlation where 11 or more of the 19 cor-
relation coefficients were positive, slight negative cor-
relation where 11 or more cf the correlation coeffi-
cients were negative, and no correlation in cases
where less than 11 correlation coefficients had the
same sign.

The implied correlations between pre-test
WSiM and the nine performance parameters in Taole
30 is in every case oppusite to what would be
expected. For example, if the WSIM is an indicator of
fuel performance in filter-separators, the percent dirt
load at 20 and at 40 psi would be expected to
increase with increasing pre-test WSIM, and the
remaining performance parameters should decrease
with increasing WSIM. However, all implied correla-
tions were of the opposite sigr:. Much the same situa-
tion exists for correlations between pre-test IFT and
performance parametsrs for these groups of tests,
except that in five cases no correlation was indicated.

Ttre slight extent of correlation indicated
by the toreguing calculations is best illustrated by th
calculsted results shown in Table 31 for the combina
uoh of pre-test WSIM vs average Totanutor, which
exhibited the hest overall correlation. In muost casey,
the cotrelation coefficients are not significant even 4t
the (0% level The few cases in which Righ levels of
significarce weie indicated may be fortutous, since
there ar both pusitive and negative statistically signili-
cant ¢ot lations, also, there are cases where both powe
five ane negative (ofrelatiuns were obtained for the
same tuel blends, such as clay treated tuel contan g
16 15, Mbh! Santolene O tested with different < nent
tots

TABLE 29. FUEL BLENDS AND ELEMENTS USED
IN CALCULATING CORRELATIONS BE-
TWEEN WSIM AND ELFMINT PER-
FORMANCE PARAMETERS

{Fuel: JP-5)*

Con Concn, FSH, No. of
inhib | 1b/Mbbi % Eloment | 1ot
Untrested
Satt 16 0SS F1286 |
Satt 16 0.15 Fi 440 9
AFA 4 0.10 F146S 5
RP 20 0.15 F1 465 4
lay-treated .
Sm 16 0.15 F1 465 )
Sat 16 0.15 Fr 4
Snt 16 0.15 Bn 4
Snt 16 0.15 Bw 4
AFA 16 0.15 F1 465 9
AFA 16 0.15 Fr 4
AFA 16 0.15 Bn 4
AFA 16 0.15 Bw 4
Lubr 20 0.15 F1 465 7
Lubr 20 0.1s FIGS 4
Lubr 20 0.i§ Fr 4
Lubr 20 0.15 Bn 4
Luhr 20 0.15 Bw 4
RP 20 Q.15 Fl 465 9
Sntt 16 0.1f ¥l d6s S

. ]
*Tested according to Procedure 13-A, unles otherwise noted
t Procedure 10.
$Procedure 13-]

TABLE 0. CORRELATIGNS BETWEEN PRE-TEST

WSIM AND IFT AND ELEMENT PER-

FORMANCE PARAMETERS
- Fxtent of correlations® B
Pe: tormance
paraiwier l\': test ¥ lest
L SiM iFT
Elermat weight gan
% Dist Load 4t ) pu a
% It hoad o1 40 pu . a
Awcrage AFL rating . +
Marinn AFL ratig + >
Avetage vodidy content . 9
Wésimum winds cvmtent D o ‘
Aweiage Todamitoe [ ¢ 3] f
Mt i [ tagmitor ; . ] ;
SIS S i . S
N A ) el ot on Hght meguioes oereiatione ! m-lea e

tinght pegstrs vImeiation
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TABLE 31. PRE-TEST WSIM VS AVERAGE TOTAMITOR READING

{Fuel: JP-5)*

Corr | Conen, | FSII, Element No. of | Correiation Coefficient
inhib | Ib/Mbbl | vol % | Identification | tests | Value }Signiflevel, %
Untreated

Snty 16 0.15 FI 286 15 0.06 >10
Sntf 16 0.15 F1 440 9
AFA 4 0.10 Fl 465 5 0.96 1
RP 20 0.15 FI 465 4 0.90 10
Clay-treated

Snt 16 | 0.15 | Fi465 5 0.71 >10
Snt 1A 0.15 Fr 4 |-0.39 >10
Snt 16 0.15 Bn 4 - -
Snt 16 0.15 sw 4 0.82 >10
AFA 16 0.15 FI 465 9 0.25 >10
AFA 16 0.15 Fr 4 0.85 >10
AFA 16 Q.15 Bn 4 e
AFA 16 0.15 Bw 4 0.28 >10
Lube 20 0.15 Fl 455 7 1-085 1.2
Lubr 20 C.15 FIGS 4 0.57 >10
Lubr 20 0.15 Fr 4 0.52 >10
Lubr 20 0.15 Bn 4 0.63 >10
Lubr 20 0.15 Bw 4 0.18 >10
RP 20 0.15 FI 465 9 {-0.17 >10
Snt} 16 0.15 F1 465 5 0.00 >10
*Tested according to Procedure 13-A unless otherwise noted.

{Procedure 10.

tProcedure 13-J

These disappointing results confirm earlier, qualitative observations that fuei WSIM or IFT cannot be used
for reliable predictions of the fuel': performance in filter separators. This conclusion is subject to certain limitations in
the statistical analysis; including (1) limited range of values of one or both parameters in many cases, (2) limited
amount of data, and (3) scatter indnced by variations in test conditions and materials. Nevertheless, the results of
the analysis indicate rather stirongly that further attempts at such correlations ase unlikely to succeed and instead
efforts should be directed toward development of entirely different test methods for correlative purposes.

Correlation for some of the same combinations of parameters was next sought using tests grouped only
with respect to fuel (JP<4 or JP-5) and test procedure. Correlation of WSIM with four elemnent performance
parameters is shown in Table 32; now, the implied correlations are in nearly all cases of the same sign as would be
expected. Correlation coefficients are gerierally not statistically significant. The plots of the regression lines in those
cases where correlation is significant show general tren's but should not be considered as highly quantitative. Using
the same groups of tests, correlation between IFT and the same four element performance parameters was better
than obtained in the more restrictive tcst groupings (see Table 33).

Plots of regression lines for five different fuel-piocedure combinations are shown in Figure 4. In all cases,
percent dirt load at 40 psi increased with pre-test *WSIM. Because of the wide variety of additives and filter-separator
element lots used in these tests, it would not be advisable to use these plots for quantitative prediction purposes.

Ar interesting set ot plots is obtainad when the regression lines for average solids content vs pre-
test WSIM are plotted (see Figuie S). Regression lines are shown for tests run by different procedures on JP-4 and
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TABLE 32. CORRELATION BETWEEN PRE-TEST WSIM AND
ELEMENT PERFORMANCE PARAMETERS

Correlation coefficient between pre-test WSIM and indicated parameter
No. of % dirt at Avg AEL rating, Avg solids Avg
Fuel | Procedure ) 40 psi mg/? content, mg/? Totamitor
tests ST - Sianit Signil | o Signil
Value | jovel, % | V3% Lievel, % | YU | evel, 0 | VY | tevel, %
Untrected
[~ TP4 10 16 0.80 <0.1 0.23 >10 -0.01 >10 ~-0.10 >10
Jp-4 13-A 8 0.69 5-10 -0.75 2-5 --0.67 5-10 ~0.17 >10
JP-3 > 6 --0.91 1-2 -0.52 >10 -0.75 5-10
JP-5 10 37 -0.03 >10 -0.69 <0.1 -0.36 2-5 -0.65 <0.1
JP-5 13-N 10 0.20 >10 0.15 >10 0.36 >10 0.20 >10
JP-S 13-0 10 0.23 >10 0.04 >10 -0.42 >10 .24 >10
JP-S 14-A 5 0.32 >10 -0.04 >10 -0.67 >10 -0.76 >10
Clay-treated
JP-5 13-A 118 0.37 <0.1 0.14 >10 0.18 5-10 -0.28 0.1-1
IP-5 13-J 30 0.37 2-5 0.38 25 -047 | 0.1-1 -0.54 | 0.1-1
JP.S 13-P 8 0.65 5-10 0.02 >10 -0.72 2.5 18 >10
*Modificd 8901 B inhibited fuel test.

TABLE 33. CORRELATION BETWEEN PRE-TEST IFT AND
ELEMENT PERFORMANCE PARAMETERS

Correlation coefficient betweer pre-test IFT and indicated parameter
% dirtai | Avg AEL rating. Avg solids | Avg
) No. of . o
Fuel | Procedure tests 40 psi _ mg/{¢ content, mg/¥¢ 1 T()t:f_uxuxt()r
Value Signif Value Signiii i Value Signit:. Value - Signi.f;
level, % level, % ] level, % 1 level, |

Untreated
JP-4 10 16 019 >10 [ 00| 0.1 0221 >10 03 >0
JP-4 13-A 8 096 | <wu.: 014 >0 0.70 2.5 0.0i >0
JP-§ * 6 0491 0.1-1 0.65 >10 0.90 0
IP-5 10 37 0.05 >10 0.6} <0.1 0.19 >10 0.60 1 <01
JP-§ 13-N 10 J.41 10 043 >10 0.29 >0 0.23 >10
IP-5 13-0 10 0.02 >10 0.17 >10 0.35 >0 047 >10
Jp-5 14-A 5 C.24 >10 0.53 >10 0.51 >0 0.51 >10
Clav-treated
IP-5 13-A 118 0.17 5-10 0.19 S 0.18 2.5 .02 >~
JP-5 13.J 30 053] 0.1 0.63 <01 049 1 001 068 <t
JP-§ 13-pP ] 0821 0.1-1 0.29 >10 (.55 >0 013 >0
*Modificd 8901 B inhibited fuel test.
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JP-5 fuels containing a number of different addi- hd T Y T T
tives. Again, because of the diversity in fuel blends
and elements, little quantitative significance can be
ascribed to these plots. However, the locations and 20
slopes of the lines are consistent with the differences
in particle size of the contaminants and the differences
in procedures. The coarsest :ontaminant (coarse AC
dust) is used in Procedures 10 -4 13-A. Results from
tests run according to these proce 'ures show that, over a
wide range of WSIM values, average effluent solids con-

tents are generally well below those of tests run using 1% / =
finer contaminants, fine AC dus: (Procedure 13-3) and S — -

Percer ait t houd ot 30 pei
8
T

Procadurs 13-A
»5

ground iron ore (Procedure 13-2). It is interesting that P’r?:nouuw*’s/
the regression lines for Procecure 13-A run with either of 2'0/ L y

JP-4 or JP-5 are nearlv coincident. The much lower
average effluent solids contents in the Procedure 10 tests
may be the result of the diffe-ences between that pro-
cedure and the other three procedures. In Procedure 10,
the elements are subjected to extensive water washing
before solids injection is started. La the other three pro- . T T T T
cedures, the test element is loaded with solids before any \
large amount of water is injected. These three proce- \
dures are identical except for the solid contaminant. The 2 »s. \\/ .
fineness of the cortaminant gave a regular effect on the 1 \<

WSIM-solids relationship: (1) the finest material (fine
AC dust, Procedure 13-J) gave the greatest slope of the
solids/WSIM line, {2) the coarsest material (coarse AC

FIGURE 4. PERCENT DIRT LOAD AT 40 PSI
VS PRE-TEST WSIM

A
e s o ot
i
£
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/ .
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dust, Procedure 13-A) gave the smallest slope, and (3) 5 romiuntza AN
the ground iron ore (Procedure 13-P) gave an inter- ~./\ \\\
~ mediate slope. Thus, there is a regular relationship iy \“\\\ ™~ R

niween contaminant particle size and the contaminant’s #4 Procadurs 134 \:\‘\‘\s\\ AR

tendency to pass through a filter-separator when the fuel _/_"'"""“‘"“""’ == -

quiility is poor. o} e - St _—
. Pre-en WEIM

Although positive correlation between WSIM
and IFT measurements is plausible, no significant cor- FIGURE S. AVERAGE EFF LUENT SOLIDS
relation was indicated by the values of calculated cor- CONTENT VS PRE-TE T WSIM

relation coeffivienis using eithe, pre-test or post-test
samples (sec Tabies 34 and 35). Comparable numbers of positive and negative correlation coefticients were obtained,
and in only 4 few cases were the correlation coefficients great enough to imply statistical signifizance. In every case,

the high levels of significance occurred for groups of five or less tests. It is very possible that the high levels of

signiticence aie tortujtous. The lack of correlation probably results from the small range of WSIM and IFT values
assoctated with ¢ ich group ot tests.

The ranges of both WSIM and 1r'T values can be greatly increased by adding to esch group the
measurements from unmhibited fuel tests. Results of calculations on these regroupings are shown in Table 36.
Using ihe relaxed test conpditions, positive correlation coefficients were obtained tor all nine groups of tests
given. Abo, i seven cases, the correlation coefticients are sigmificant at better than the 1% level in the other
three cases. jevel of significance 15 worse than the 3% level It is interesting that ull the regression coefficients
fali in the range of 0.1 to 0.4, It appears that regression equations, not necessanly linear, useful for cor
relating WSIM and [FT slues could be obtained for each {uel-additive system by coniducting replicate WSIM
and IFT measurcinents ot several concentrations ranging from zero to the maximum allowable additive

coneentration,
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TAGLLE 34. CORRELATION BETWEEN PRE-TEST WSIM AND PRE-TEST IFT

Fuel Corr Fsit, No. of Correiation wdSr::,,“i?"
inhib vol % tests Vilue level
evel, 7
Untreated
] none n.15s H -0.99 <0.}
P4 Snt Q.15 5 0.95 0.1
P4 AFA .10 s 0.75 5-10
JpL none 0 26 -0.04 >10
p-s none 0.15 6 ot >10
iP5 Snt [} 4 -0.73 >10
IP-5 Snt 035 39 0.0t >0
JP-5 Snt 0.10 5 0.4 >10
Jp-§ AFA 0.15 25 -0.04 >
195 Tot 015 6 097 <0.1
Jp-s Lubr 0.15 4 093 ERTY)
iP5 RP 0.5 20 003 >0
IPs EDS 0.5 4 0.60 >10
ip-s Uni 018 12 080 . (R
Cla, 1reated
[ Snt 0.15 29 r ~0.24 l >10
ip.s AFA 0.15 2 -003 >0
iP5 Lubr 0.5 25 -0.38 >10
IP-5 KP 0.15 9 041 >0

TABLE 35. CORRELATION BETWEEN POST-TEST WSIM AND POST-TEST IFT

Fuel Corr FSIt No. of Coreelation c“fsﬁl;:?l
inhib vol ‘% tests Value
] levet, %

Untreated

4 none a.1f H -
P4 Sat Q0.1 5
P4 AFA .10 5 -
IP.s none 0 26 014 >10
Ip-5 none ol [ -
P Snt 1] 4
IP-5 Snt 015 39 -
jp.5 Snt 0.10 s -
IP-5 AFA 0.1% 5
PS5 Tol 0.15 6
P Lubr 018 4
wns RP 0.8 20 -
PS5 EDS 0.1 4 -
ps Uni 015 12 -
Clay-treated
JPS Snt [ 9 0.3 >10
ip-s AFA a.15 27 014 >0
ipP-5 Lubr 0.1 2 -0.28 ]
s RP 0.15 9 018 >10

TABLE 36. CORRELATION BETWEEN PRE-TEST WSIM AND PRE-
TEST IFT FOR DIFFERENT CONCENTRATIONS OF CORROSION
INHIBITORS INCLUDING ZERO CONCENTRATION

Correlation
Corr | FSI', § No.of Regression voelficlent
Fuel § - ” 3
inhib | vol % tests equation v T atll
alue .
fevel.
-4 | AFA | 0.0 X 1=04W+ 206 0.02 S0
P4 | Snt LA ? I=03W+06.2 0.5¢ >0
JP-$ | Snt 0.00 27 1=0.1W+363 | 026 | >I10
JP.5 | Sm 015 . 1=01We 291 | 031 [(R BV
iP5 | AFA | 015 60 I=0IW+43 0.52 <¢.!
s} Tol 015 16 [=0W + 166 | 098 <01
JP-5 Lubr 0.18 kY [=0IW K0 0.66 <01
S | RP 0.1% a7 f=03W+ 150 | 078 <0.1
e ¥DsS 0.15 2 I*»0dW +0 8 R <0.1
Cim 0.1% 21 1=204W 121 094 <0,
-
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6. Clay Treatment Effects
a. Effect on Fuel Quality Parameters
(1) Effecton WSIM and IFT

Clay treatment caused an increase ia WSIM of uninhibited JP-5 base fuel. Also, blends of any one
of six corrosion inhibitors in the treated base fuel gave higher WSIM values than the corresponding biends with
untreated base fuel. This is illustrated in Table 37. All seven compositions gave higher WSIM values with treated base
fuel, indicating that the trend is highly significant, although some of the individual differences are not significant.

Based on the results given in Table 37, there was no significant difference in IFT of fuel blends
made with clay-treatsd or untreated JP-5. IFT values of blends containing clay-treated JP-S were higher than those
of similar blends containing untreated JP-5 in three cases, Jess in three cases, and the same in one case.

Examination of post-clay treatment WSIM and [FT data from successive runs on the same clay
canisters reveals that clay treating is more effective in restoring WSIM values to a high level than it is in restoring IFT
values, particularly after a set of clay canisters has been used to treat a considerable volume of fuel. Data illustrating
this effect are tabulated below:

Clay Treatment Post-Cliy Treatment WSIM and IFT values
on New Tests 248255 Tests 261272  Tests 273--288 Lests 289-301 Tests 304313
Canisters WSIM  JET WSIM  JFT WSIM IFT WSIM IFT WSIM  FT
1 100 45.1 98 477 98 469 98 46.7 100 48.6
2 97 40 98 49.1 99 46.1 98 . 463 96 455
3 97 442 95 442 92 46.2 98 46.2 98 474
4 98 398 97 458 96 459 96 45.7 98 45.1
S 98 418 95 458 95 453 97 45.3 96 4.1
6 95 398 93 458 95 46.3 97 448 97 434
7 97 38.0 90 44.1 99 45.2 97 441 9¥ 394
8 97 39.6 87 454 98 46.7 97 4i .8 99 347
9 93 449 99 4.1 96 40.3 96 343
10 97 443 97 455 95 383 96 120
11 97 439 97 45.1 97 370
12 93 426 96 446 98 4.7
13 99 442 100 46.3
14 97 443
15 99 414
16 94 43.1

In all live sertes of clay treatinents, WSIM values never decreased more than 8% from the value measured after the
tirst clay treatment of fresh fuel, using new clay filter canisters. 1FT vaiues, however, decreased 8% to 34%.

The seaes of clay treatments starting with Test 289 is particularly interesting. WSIM values
reminned within the range of 95 to 98 during 13 clay treatments, but 1FT values decreased sharply from 46.7 to s
low of 370 after the eleventh clay treatment. No cor osion inhibitor was added to the fuel during the remaining
theze tests, and posr-clay treatment [FT values increased from 37.0 to 46.3. The three tests involved here were
spevial tests (299, 300A-D, and 301) involving extensive walter injection. These results suggest that with increased
usage. the clay became less effective in removing corrosion inhiibitors and this is reflected in decreasing IFT values.
Also, it appears that repeated clay treatment of the fuel, without additiuns of corrosion inhibitor, removed these
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traces of corrosion inhibitor. It is also quite
possibie that the extensive water washing of the
fuel during the tests preceding the last two clay
treatments played & role in increasing the iFT
values,

Apar. from effects of clay
treating on the levels of the fuel quality param-
eters, it was thought likely that clay treating
would affect the degree of scatter in the data.
Examination of the standard deviations of
WSIM and [IFT measurements on fuel blends
made up with both clay-treated and untreated
JP-5 (see Table 37) irdicates no trend towards
either increasing or decreasing the standard
deviation.

(2) Effect on FSII Concentration

An examination of FSH con-
centration data indicates that clay treatment
does remove FSII irom fuel, especially when
the clay canister elements are new. Table 3§
shows data from all the tests which ware :un
immediately after fresh fuel treatment with
new clay canisters. The differences between
preclay treatment FSII concentrations®, and
postclay treatment FSI concentrations for the
second through seventh use of the canisters
with fuel are also shown. Just before ciay
treating, fuel was added to restore the fuel
volume to 600 gal. Since the volume of makeup
fuel was small (usualiy less than 30 gal), it
would not cause an appreciable decrease in FSI}
concentration. The results of the first use of the
canisters for fuel cleanup are not shown be-
cause in most cases the fuel treated was fresh
from additive-free fue! storage and FSII con-
centration was riot determined. The data show
that the clay canisters remove less FSI with
each succzeding treatment, removing essettially
no FSli after about the sixth or seventh use. By
statistical analysis, the difterence in FSIi con-
centratyon before and after clay treatment
ranges from significant for the first treatment,
to possibly significant for the sixth treatment.

The removal of FSH by clay
treatmeni is by no means vomplete, as is
believed to be the case with most commonly
used corrosion inhibitors. As can be seen in
Table 38, the average percent FSII removed from

TABLE 37. EFFECT OF CLAY TREATMENT ON

QUALITY PARAMETERS OF JP-5 + VARIOUS

CORROSION INHIBITORS
Corr | Concn, WSIM IFT
had! Fuel*
inhib | Ib/Mbbl Mean | Tests (Meap | Tet's | SD
none 0 NT | 870 ] 6 | 60 |438 6 |15
CT | 975 2 | - 450 2| -
Snt 16 NT | 710} 34 | 97 1349 | 34 |22
CT | 726 | 29 111 (361 | 29 |22
AFA 16 NT | 609. 21 {100 |233 | 21 {12
Cr | s 23 8BS [ 224 23 9
Tol 20 NT | 300 4 12 | 252 4 10
CT | 360 2 %5 I
Lubr 20 NT | 423 3 2123 3106
CT {636 | 25 |109 | 256 ) 25 |16
RP 20 NT | 423 { 18 | 89 (270 | 18 |07
CT | 648 9 | 89 128 9 {12
U Uni 20 NT | 313 7 | 63 |27 7 |56
CT | 347 3 15 | 237 ﬂ 31
*NT is untreated JP-5. CT is clay-treated JP-5.

TABLE 38. EFFECT OF CLAY TREATMENT ON
FSII CONCENTRATION

Change in FSI concentration with

Test no.* successive clay treatments

2nd 3nd 4th Sth oth 7th
220 0.2 .02 ) 0N ().(4)
238 0.01 0.01 000 .00 -
248 Q.08 0.00 0.03 Ul (V1 3} 0.01
256 0.0}
Jet 0.05 002 0.00 0.00 .01 0.01
273 0.01 0.0 .00 0.0 001 0.01
289 0.06 0.0 0.0 Q.01 0.01 Q.01
304 0.06 001 0.0} .00 0.01 0.0t
314 0.00 006 003 0ol 0.00 aul
325 0.02 00l 002 -
328 0.00
Mean 0.023] CGUIs] OO0 QUOR | 003 D006

*First tent run after installation of new clay cannten
tEach use involved teatment ol 3 600-pal volume .oi mtubated JP S unnld
WSIM rating was 95 or higher A positive value indic wes an ancregse N1
concentration; ¥ negstive value indicates & decreawe
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TABLE 39. VARIATION OF FUEL COLOPR.
IN SERIES OF TESTS "WITH

CLAY TREATING
Test | - Concen, Fuel color, Sayboit*
no. Additive ib/Mbhb! | Post-clay treat | Pre-test | Post-test

289 Lubr 20 +30t % +30 +30
290 Lubr 20 +23 +23
291 Lubr 20 +22 +22 +21

292 Lubr 20 +24 +23 +22
293 Lubr 20 +23 +22 +21

204 Lubr 20 +22 +22 +21

29S8 Lubr 20 +22 +22 +21

296 Lubr 20 +22 +21 +2]

297 Lubr 20 +20 +21 +21

298 Lubr 20 +21 +21 +2]

299 none** +2] +21 +22
300A | none¢® +23 +23 +23
360B | none** - - +24 +23
300C | none®** - - +24 +22
300D | none** - +23 +24
301 none** +23 +23 +23
302 none** - - +21 +22
303A | none®** - +29 €29
303B | none** - - +21 +21
304 Lubr 2 +30t% +30 +30
308 Lubr 20 +29 +28 +28
306 Lubr 20 +23 +28 +23
307 Lubr 20 +22 +23 +24
308 Lubr 20 +24 +26 +23
39 Lubr 20 +22 +23 423
310 Lubr 2 +24 +23 +23
3 Lubr 20 +23 +22 +23
32 Lubr 20 +22 +22 +22
313 Lubr 20 +22 +21 +22
314 AFA 10 +30¢ +30 +30
315 AFA 16 +30 +30 +30
6 AFA 16 +27 +27 +27
17 Snt 16 +24 +24 +24
318 Snt 16 +23 +24 +24
3i9 none +24 +23 +23
320 Snit 16 +23 +23 +23
321 Lubr 20 +23 +23 423
32 Lubr 20 +23 +23 +23
i Snt 16 +22 +22 +22
124 Snt 16 +22 +23 +22
325 AFA 10 +30% +30 +30
126 none +30 120 +30
327 AFA 10 +30 +30 +30
32K none +28% +29 +28
329 AFA 10 +29 +29 +29

*Saybolt color rating of +30 represents the lightest color; - 16 represents the

Jdarkest

color.

1{"olor of uninhibited JP-5 fuel before clay treating was +19.
t After installation of new clay cannisters.
**Test was run according to special procedure, contaminant was plug-valve

prease.

the fuel with fresh canisters is only 0.02. However,
on the basis of data obtained, the removal does
appear to be real and significant. Although the
mechanism of removal is not known, it is believed
adsorption of FSII onto constituents of the clay
occurs until all sites for such adsorpticn become
saturated, and that the population of such sites ic
not as great as sites for corrosion inhsbitor adsorp-
tion.

(3) Effect on Ssybolt Color Ratings

In Table 39, the Saybolt color
ratings of test fuels are reported for all single-
element loop tests for which they were obtained
up to the conclusion of experimental work. The
results indicate that the use of new clay canisters
increased the color rating of JP-5 fuel from around
+19 to 430 (the +30 represents the lightest color,
“water white”; —16 represents the darkest color).
However, subsequent reblending of the fuel with
corrosion inhibitors, testing, and retreating with
clay led to rapid darkening in fuel color; usually,
ofter four tests, color ratings had decreased to
around +23, and remained at that level for 7 to 11
tests.

A clo.er look at the results of
the Saybolt ratings indicates that no detectable
color change occurred in the fuel immediately
after blending with additive (comparing post-clay
vs pre-test color ratings), and no detectable change
occurred during any one test (comparing post-city
and pre-test color ratings vs post-test coior
ratings).

. The greatest increases in fuel
color occur scon after the initial clay treatment.
‘These increases are abrupt and sizable and usually
occur between the post-test measurement of one
test and the post-cley treatment measurement of
the following test. Thus, the increase in color
appears to occur during the clay treatment. This
suggests that color bodies removed from the raw
fuel during the initial clay treatment are sub-
sequently released; perhaps they are displaced as
increasing amounts of corrosion inhibitars are
adsorbed onto the clay.

In all cases, clay canisters were
used only until they failed to restore fuel WSIM
rating to 95 or higher. With this in mind, it is
interesting to note, that, although these canisters
remained effective on this basis for up to 11 tests,



they usually were unable to remove culoring agents in the fuel after oniy 4 tests. This leads one to the plausible
conclusion that these coloring agents have little or no surface active p-operties, and that, in this respect, the Saybolt
ratings were not useful in predicting fuel or fuel-additive blend performar . ir filter-separator tests.

During the course of filter-separator testing, not enough Saybolt color ratings were obtained on
differert corrosion inhibitorfuel blends to determine if different systems promote fuel coloration more or less than
others, although it does seern quite possible that this would be the case.

b.  Effect on Element Performance Parameters

Another question of interest with regard to filter-separator testing is whether clsy treating has any effect
on the performance of filter-separator elements. Unfortunately. cnly two groups of tests were run in which all
conditions were the same except for the use of untreated or clay-treated fuel. Results of these tests, run on JP-S + 20
Ib/Mbbi RP-2 + 0.15% FS{I and using elements of Filters Inc. Lot 465, are given in Table 40. There is no significant
difference between the mean parameter values for untreated JP-5 and clay-treated JP-5 except i1 the case of element

TABLE 40. EFFECT OF CLAY TREATMENT ON FILTER-SEPARATOR
PERFORMANCE PARAMETERS JF JP-5 + 20 Ib/Mbbl RP-2 + 0.15% FSIi*

Untreated JP-5 + 20 1b/ Clay-treated JP-S + 20 1b/
Parameter Mbbl RP + 0.15% FSIl Mbbl RP + 0.15% FSII
Mean for 4 tests SD Mean for 9 tests SD
Element wt gain, g 224 44 239 73
% dirt at 20 psi 110 27 116 37
b % dirt at 40 psi 112 25 121 39
Avg AEL rating. mg/? 27 30 21 i6
Max AEL rating. mg/? 39 41 45 41
Avg solids, mg/¢ 0.18 0.03 0.17 0.05
Max solids, mg/¢ 0.27 - 0.05 032 0.11
Avg Tot rating 75 15.0 1.9 2.8
Max Tot rating 252 492 11.0 18.7
Element AP at zerc min, psi 1.62 0.12 193 0.11
1. i
*All rests performed according to proceduse |3-A using only F1 465 elements and fuei ;1o Batch 23.

differential pressure at start of test. The elemeént differential pressure of 193 psi for the clay-treated fuel is
greater than that for the untreated fuel (162 psi) by an amount which 15 statistically very highly significant.
fr is &fficudt 10 assign a cause for this difference tn pressures. All the tests were run under identical
condittons using tuel from a single batch (No. 23) and clements of a sigle lot (F1 Lot 465) Time-related
elects might be suspected here, since eight of the et with clay-treated JP-S were 1un finst, followed by the
four tests on untreated fuel, and lastly one additional test on clay-treated fuel. Huwever. the differential
wrexspre of the last test with clay-treated fuer 15 well i line with eadier results on clay treated fuel, which i
cvdence agrinst the presence of tin-relgted cffects The cause of the differences in incan clement differential
pressure i nol aprarent. and no suppositions can be formulated as 1o how clay teating can alter fuel
properties fo effect such a qerult '

intustively | clay treating of Tuel would he expected to resuli e umproved test repeatability. However,
vomnparnon of standard devations of performance patameters fur Jlay Geated and untreated JP-5 (Table 40) does
sol uppoit this supposition Standacd devations o test patwneten o clay treated JP-S are larger than those for
-ustrested J-5 in cighi cases out of ten, '

$1




7.  Injection Water Effects

During the program reported herein, only very limited data were vbtained relating to the effects of injection
water composition on filler-seperator performance. A few tests on JP-5 + 16 1b/Mbbl Santolene C + 0.15% FSII were
performed in which the injection water cumposition was varied. All of these tests were run according to Procedure
10 and involved Filters Inc elements from Lots 286 and 440. Injection water quality parameters are giver in Section

TABLE 41. AVERAGE AEL RATING OF EFFLUENT FUEL
FOR DIFFERENT TYPES OF INJECTION WATER

Average free water,

Test no.® Injection water nm‘ﬂ

Min | Max { Mern | SD
64-68 Type B “synthetic” 0 8 19 {21
70-72
1791
74 pHS (distilled + NaCl + HCl) 1.0 -
75 pH7 (distilied + NaCl + NaOH) 2 -
76 pH 10 (distitled + NaCl + NoOH) | -~ 0
78,79 65% Type B + 359 FSII 2 3 25
K3 Type B + NaCl {932 mg/RC1™) - 0
96,99 Filtered WPAFB tap water 2 5 38 -
95 Distilled - 30
92 pl 9.5 (Type B + NaOH) - - 40 | -
9394 Distilled (contarinated with

residues from test 92) 2 2 20
97 pH 9.5 (Distilled + 164 mg/?
J NaHCO, + NaOH) 10

¢All tests performed on JP-5 + 16 Ib/Mtbl Santolene C + 0.15% F3lI according to
procedun. 10 with Filters Inc elements from Lots 286 and 440.

TABLE 42. AVERAGE SOLIDS CONTENT OF EFFLUENT FUEL
FOR DIFFERENT TYPES OF INJECTION WATER

i Average solids content,
Testno * Injection water mg/R
Min! Max| Mean] SD

64-6% Type B “synthetic” 000 10.12 (004 10.04
70-72,
7791
74 pHS (distilied + NaCl + HCD - 10.07
75 pH7 (distilled + NaCl + NaOH) - 10.01
76 pH10 (distilled + NaCl + NaOH) 0.03
78.79 657 Type B + 35% FSil 0.00 |1 G.1S 0.08
K3 Type B+ NaC1 (932 mg/L C1 ) - 1003
U6 N9 Filtersd WPAFB tap water 003 {003 |0.03
A Distilled 0.14
N pH 9 5 (type B + NaOH) 0.05
93194 Distilled (contaminated with

residues from test 92) 0.0G | 0.03 }0.02 .
a7 pH 9.5 (distdied + 164 mg/i

NaHCO | + NaOH) - 10.01
*All tests performed on JP-5 + 16 [b/Mbtl Santolene C + 0.15% FSH according to

i procedure 10 with Bdters tne elements from Lois 285 und 440
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HI of this report, and element performance parameters for tests vith various injection waters are given in Tables 41
to 44. As can be seen, these results cuggest that the variations of injection water composition that were used had no
significant #ffect on any of the element performance parameters. It can be concluded that the wat.r properties that
were investigated either have no effect whatever on test severity, or that the effects are so insignificant tha{ they are
obscured by element-to-clement variations. Although there was goud evidence for believing that water properties
could have significant effects on filter-separator performan :e on Santciene C blends. these test results show that this

TABLE 43. TIME TO REACH 20 PSI FOR DIFFERENT

TYPES OF INJECTION WATER
Time to reach 20 psi.
Test no* Injection v _er min
Min | Max | Mean | SD

64-68, Type B “synthetic™ 2 | 42 | 301 |63
70-72,
77,91
74 pHS (distilied + NaCl + HCl) - 3s -
78 pH7 (distilied + NaCl + NaOH) - 32 -
76 pHI0 (distilled + NaCI'+ N2OH) | -~ | — | 30 -
879 65% Type B + 35% FSH - 28 38 33 -
83 Type B + NaCl (932 mg/€Cl ) - 27 -
96,99 Filtered WPAFB tap water 18 | 42 | 30
95 | Distilled - = |3 -
92 pH 9.5 (Type B + NaOH) - 2 -
9394 Distilled (contaminated with

residues from test 92) 2 | 31 285
97 pH 9.5 (distilled + 164 mg/®

NaHCO; + NaQH) - 38 -
“All tests parformed on JP-5 + 16 1b/Mbbd Santolene C + 0.15% FS5ii sccording to
procedure 10 with Filters Inc elements front Lots 286 and 440

TABLE 44. ELEMENT "VEIGHT GAIN FOR DIFFERENT
TYPES OF INJECTION WATER

Test No.® injection water - Mf: en::t;xwtza:'?n, SSE
64,6668, | Type B "synthetic™ 147 (267 | 1979 ] 372
70-72,
71,91
76 pHS (disti'ted + Natd = H(1j A3
7% pH? “Guitled : Nell+ NaOH) | - 1 - | 212 ]
76 pH1y {distilisd + NaC'l « NaGH) | -~ - 1208
78,79 oS Tvp. Bt s P8 (79 1200 193
83 Type B+ Nat1 (93 mpre {1 ) - - 1181
96 .99 i Filtered WPAFY (p water 141 | 248 | 1948
vs | inssilied < e ] 20 i
92 {pH Y9 S {type 8 « NaOH) - RN L :
9394 Distitled (vontamunated with S s
rexidues fram test V) IS BRIRAANE IS L2 A i i
97 pH 9.5 (disttiied + tod mg ¥ j i
D ONRHOG, + NaOHY ‘ e I
L , 1 PR SR
SAl iy performec on JP-5 1 16 Mo Mbbl Santedess € ¢ 0 137 § 51 sicwediog w0 |
procediese HU with Fiitors tex sloments lvmhlfh %% mﬁf:a_,.,_u..,.‘._mm_. ,)
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is not the case for the conditions investigated. This negative result has the practical implication that differences in
mineral composition and pH of injection waters within the ranges tested are not likely to significantly affect
filter-separator test results. This conclusion cannot be extended automatically to cover differences in types and
amounts of particulate matter in water supplies, nor can it be extended to cover gross contamination of the water
with surface-active materials.

Attempts to cormelate element performance with such injection water quality parameters as surface tension,
pH, and solids content proved fruitless because of a general lack of sufficient variation in any of these parameters.

8.  Element Physical Parameters
a.  Physical Variations

Three parameters (elernent weight, element differential pressure in the pressure-check trough. and
element differential pressure at start of test) are related to physical variations in the elements. The level and degree
of scatter of these parameters are of some interest and will be presented here. Of more importance is the extent of
corrclation between these element physical parameters and element performance parameters; this matter will also be
taken up in this section.

Weight statistics for all element lots used in these tests are given in a preceding section of this report
(Table 5). Regression and correlation analyses were performed in an attempt to establish the degree of correlation
between element weight and any one of nine elernent performance parameters. Calculations were made on greups ot
tests having the same corrosion inhibitor, corrosion inhibitor concentration F5II concentration. and element lot.
The results of the calculations of correlation coefficient and its level of significance are summarized in Table 45.

TABLE 45. CORRELATION BETWEEN ELEMENT WEIGHT
AND PERFORMANCE PARAMETERS

(All tests run according to Proredure 13-4 unless otherwise noied)

JP-5 Fuel Blend*
r 1
T Element weight vs
Corr | Concn, Element No. of Avg AEL Max AEL h!cmgnt N D!,” "):.)d o Didt I‘)_;.ld
inhib | 1b/Mbbl | identification | tests - 21 gun at - pst —al-‘mP,M ;
Signif | Signif Signif Signif Signif
1] o k] o 13 % H 7; T (%
|

Untreated )
Sntt 16 Fl 286 15 047 | S0 006 | >10 034 1 >10 1033 >10 0.22 | >10
Sntt 16 Fi 440 9 034 { >I10 0.06 ¢ >10 0.58 | >10 046 | >10 045 | >10
AFAL 4 Fl 465 5 01C | >10 008 | >10 0.6t | >10 085 | 5-10 073 { >10
RP l 20 Fl 405 4 0.5 | >10 0.74 | >10 098§ 25 098 | 1-2 0u8 1.2
Clay-treared
Snt 16 Fl 465 5 067 | >10 070} >10 0.i8 | >i0 0471 >10 071 | >0
Snt 16 Fr 4 0.04 | >IC Quh | 25 0.57 | >10 0.73 | >0
Sat 1o Bn 4 097 | 0.4-1 QU7 5 ¢.64 | >10 |-099] 1.2 -0.99 10.1-1
Snt le Bw 4 .60 § >10 064 >10 I 048 { >10 {-039 | >In C4l1 ] >10
AFy 16 Fi 46$ 9 007 | >0 004 | 10 038 | >10 0.34 | >10 0.34 | >10
AFA 16 Fr 4 veh | >0 058 ¢ >10 i o111 | >0 |-068 ] >10 |-071 | >10
AFA lo Bn 4 V.88 S 085 ] 19 Q9% {011 |- 099 ] 0.i-1 0.88 §{ >10
AFA it Bw 4 0467 | 10 023 | >10 823 {0 0597 >10 |07 | >10
Lubs 20 FI “0$ 7 032 | >10 0.16 | =10 0.20 3 >10 021 | >10 0.21 | >1G
Luhi 20 F1GS 4 047 | >10 51| >10 002 | >10 0.21 | >10 .21 | >10
Luby 20 Fr 4 077 | >10 0.83 1 >10 002 | >0 0.64 | >10 0.64 ; >10
Lubt 20 Bn 4 0.4 | >0 0587 >0 0.27 | >10 0.14 ¥ >10 0.14 [ >10
Lubr 20 Bw 4 0.2 ] >0 0451 >10 nYe | 25 065 | >10 065 | >10
RP 20 Fidel 9 0.12 j >0 021 >10 042 | >10 043 ] >10 c.01 | >10
Snt** 16 Fl 465 S 0.59 | >10 0.50 | >10 0.01 | >10 050 1 >10 0.50 >10J
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TABLE 45. CORRELATION BETWEEN ELEMENT WEIGHT
AND PERFORMANCE PARAMETERS (Cont’d)

{All tests run according to Procedure 13-A unless .therwise noted)

JP-5 Fuel Blend*
Element weight vs

Corr Conen, Element No. of Avg soiids Max solids Avg Totamitor Max Totemitor

inhib Ib/Mbbl | identification tests . Sig'ms‘ ] s'.§9n‘ . Si'g,nif , Si%u'f )
| F E 2 K

Untreated

Sntt | 16 1286 15 0.30 >10 0.23 >10 0.03 >10 018 >0

Sntt 16 FI 440 9 0.4). >0 050 >10 0.30 >

AFA} 4 Fl 465 S 0.40 >10 1044 >10 -0.41 >10 -0.33 >10

RP 20 J F1465 4 0.19 >10 0.65 >10 0.75 >10 -0.75 >10 :

Clay-treated 3

Snt 16 Fl 465 S ~0.64 >10 -0.05 >10 --0.66 >10 -0.65 >10 ]

Sat 16 Fr 4 0.52 >10 J3.74 >10 0.32 >10 0.28 >10 :

Snt 16 Bn 4 094 510 093 510 - -293 $-10 :

Sat 16 Bw 4 -0.65 >10 - 0.80 >10 0.1 >10 0.22 >10 3

AFA 16 F1 465 9 ~0.25 >1e -0.38 >10 -0.59 >10 034 >10

AFA 16 FR 4 .63 >i0 0.58 >ie - 047 >{0

AFA 16 Bn 4 -0.03 >10 0.37 >10 - -099 | 0.1

AFA 16 Bw 4 0.05 >0 0.0% >10 -0.88 >10 -0.88 . >10

Lubr 20 F1 465 7 0.62 >i0 047 >10 -0.47 >10 -0.24 >10

Lubr 29 FIGS 4 0.02 >10 -0.45 >i0 040 >10 044 >10

Lubr 20 Fr 4 ~0.73 >10 092 5-10 0.53 >10 0.85 >0

Lubr 20 Br 4 ~-0.08 >10 0.04 >10 - G.8) >10 0.57 >10

Lubr 20 Bw 4 0.04 >10 -0.40 >10 048 >10 S -

RP 20 F1 465 ) 044 >10 0.57 >10 043 >10 041 >10

Snt** 16 . FI 465 5.1 092 25 -0.88 25 097 | 0.1} 0.2¢ >10

. L
*Plus 0.15% FSil unless otherwise noted. ', *

I+ Frocedure 1.
zContrined 0.10% FSU.
**Procedure 13-

Regression ¢ efficients and equations were also caiculated, but. in view of the generally low level of correlation,
these are not reported here. If increased element weight is associated with increased media density, then 1t can be
argued that there should be negative correlation between element weight and ali the nerformance parameters in
Table 45, except for average and maximura AEL ratings for which the sign of the correlation coefficient is not easily
predicted. Exaraination of the correlation cvefficients shows that there are slightly more positive than negative signs
arid thet dhere is no great preponderance of either sign in the case of any parameter. On the basis of the results in
Table 45, there is no evidence of correlation between element weight and any of the nine performance puramaters.

b.  Element . Differential Pressure in

Trough TABLE 46. DIFFERENTIAL PRESSURE IN TROUZH

A OF VARIOUS FILTER-SEPARATOR ELEMENTS
Element differential pressure in

trough statistics (mean and standard deviation) { Element Pir
are given in Table 46 for tests on JP-S fuel Fuel biend E.cment tiough, psi
. ! ilcati Mo ¢
grouped according to element lot. identification ::s:sf Mewn | SD
Correlations between element dif- IP-5. unizhibitea | Filtess Inc 14208, lot 40d | i [ I IR RN
; : " JP-5. uninhibited | Filters inc [4208. 1ot 516 oS 172G { .23
ferential pressure in thz pressure-check trough JP-5. uninhibited | Fitters Ine. Govi StAmfrd 1068 | 3§ | 2335 §glie
and the element performence parameters are JT 5. uninhibited | Fram CCS11B. lot 14 1Ty 00 |07
summarized in Table 47; the gencral lack of JP-3, uninhibited | Bendix. pert ne. (04550004 2 10017 poNx
G . . 5. oninfubi part no_ A 1389 1 [1a7{ose
correlation is obvious. The vast majority of JP.3. -ninfibiled | Bawser. par’ 2o0- A 13598 e
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correlatior. coeffizients are not statistically significant, even at the 10% level. Also, in the case of most performance
parameters, the number of positive and negative corrslation coefficients is about the same. In the case of two
parameters, % dirt load at 20 pst and ar 40 psi, almost all correlation coefficients are positive. This is paragoxical
since for a given element design, tighter elements (higher differential pressures) would be expected to have lower
dirt-holding capacities, hence thie correlation coefficients would be pxpected to be negative.

c.  Differential Pressure at Zero Minutes

Statistics (means and standard deviations) for element differential pressure at the start of test (zero min)
are shown in Table 48 for tesis run of, 5 variety of JP-4 and JP-5 fuei blends using ~lements from several different
lots. Since it s questionable whether or not the differential pressure is affected by :ne very small concentration of
additives, the data in Table 48 arc presented again in Table 49 with tests grouped only accurding to fuel type and
element lot.

TABLE 48. ELEMENT DIFFERENTIAL PRESSURE Results of correlation calculations shown in
AT ZERO MINUTES £OR VARIOUS COMEWNNA- Table 50 suggest that for these tests there was no sig-
TIONS OF FUEL BLEND AND ELEMENT nificant correlation between differential pressure at zero
. min and any of the element performance parameters.
1 T
i Bleowent AP ) A
—EaT%ﬁl_w—u_{ Gement |+ at 0 minaies. ps d. Re _u.onships Between Element Physical
T . [+ - Lo | PO . T~
i mbd | BN d@!"”“’“‘”“ ’::‘gum{sns Parameters
H i x
sar ! ¢ ,eus! A% 3 ! zex forr It wems reasonable to expect correlation be-
AFAY | & o0 : FréeS 30193 101y tween pairs of the 2lement physical parameters {element
soce b — 000 ; Fi48 5 433 ;08 . : : :
e _ wis b OFoss 3 ! sm los weight, elcfnem dxffen.enual grssure in pressurechc‘ack
Sat 16 1090 ! Flesw 5 3 taa? trough, and clement differential pressire at zero min).
i i ‘ N .
Sat E i6 |} GIs: FI1286 3 1ax jan Regressiva and ccrrelation analyses were performed on
Sax 16 a1s | FI286 15 ¢ et los2 . - . ’
s L oas fais ; 1440 15 a2 ioe7 these parameters for groups ol tests having the same fuel
Serss | Go 1015 P 12 19 loig (3P4 or JP-5) and the same element lot: results oi thesc
Sac® o fas ! oAsie |5 350 jods calculations ar2 summarized in Table S1. Comvelation was
pSate 26 s B PR aerally very poor. and. hence, regression corfTicients
fsee | 6 foas | e bos fam fas] B ¥ery poor. and, aence, regr Fack

! aFA « 2.0 FAssea ! 7T !ass %os‘v ! and equations are not presented. In the cases of element

? L - - N . . N . R . e

D AFA § ': el { 246- A 0171 weight vs differential pressure in trough and differentiai
AFA®* ! 7 als 43 ;13 393 j042; o N . .
AFA* ! 6 E 015 | FI4ss ¢ 9 | 66 (0951 pressure in trough vs differential pressure at zerc min,

YAFATC: 6 @ QIS & T SR .5 ‘nni ’

. =e : T 1% 3o Q -

Teovit BESAEE vt B SR DA e TABLE 49. ELEMENT DIFFERENTIAL PRESSURE
AFA [ 18 eis [ Flsea ¢ 3 | 400 {073 OF VARIOUS ELEMENT LOTS WHEN TESTED
Tk | X 91 F1430 ; 4 {348 jo43 WITH JP-4 OR JP-5 FUEL

¢ Late 0 013 A ! & {37 jass

Tlabeei 20 QIS 1 FI46S 1 T | 2% (057
Lae®®: X0 als F1GS i 4 475 {92 Mean AP at zero min.

Wi » l{egis| F {4 baar fous _ Blement psi

Plebe**: X i @IS Ba P4 1360 Joaa identifiation o G

Plsbeoti N f 015 | Bw {4 45003
RP i ol F1 430 ¢ 382 ,078 T1 236 293 4.05
R 015 | Fless - 13 !iss loas Fl43% ~ 433
RP 2 0.:5 | FI%40A | 3 496 {026 Fl 340 — 397

 EDS ;a3 (ER) Fle4d ¢ 3 i 462 1052 Y Fr440A — 446

i 9 015 ; FI40A | 4 ;462 {04 F1 465 1.93 208

jtsm T 2 10US; FI0 § 3 ] 407 {086 Fl 516 - 780

iU § M ;035 ) Flees ;3 | 210 ;034 FIGS - 475

fe 0 o jaas | FPaoa ] 4 s (o7 Bn _ 197

: 1 i 11 H Bw - 4.58

1 w50 foel et satess stherwine mox d Es | 418

o *JF4 f2* tiend {

- L JP-4 furd el 2o orutaed 1.0 02 ¥ ASAL

*Tin-treas- 4 JP-S tar] Hleadt *Flow rate 20 gpm.




TABLE 50. CORRELATION BETWEEN AP AT ZERO MIN
AND PERFORMANCE PARAMETERS

{All tests run according to Procedure 13-A unless otherwise noted)

JP-5 Fuel Blend*

AP at zero min vs
Corr | Concn, Ele:nent No. of Avg AEL Max AEL Bleme_n ¢ % Dirtat % Dirt at
inhib | tb/Mbbl | identification | tests ot Wt gain 20 psi 40 pil
. Signif ] Signif . Signif ' Signif ' Signif
% % % % %
Untreated
Sntt 16 Fl 286 15 [-029{ >10 [-v.34 | >10 [-0.69 | 0.1-1 {-058 | 2.5 |-055] 2.5
Satt 16 Fl 440 9 -0.27 | >10 [-057 | >10 [-0.59 | 5-10 |-0.56 | >10 | -0.60 | 5-10
AFA% 4 FI 465 5 ~041 ] >10 |-0.76 | >10 {032 >10 |-0.01 | >10 {063 | >10
RP 20 F1465 4 |-013 ] >10 |-0.14 | >10 | 045 | >10 | 0.63 | >10 | 060} >I0
| Cluy-rreated
Snt 16 F1 465 S [-0.59 | >10 |~055] >10 |-0.08 | >10 | 0.71 [ >10 | -0.29 | >IC
Sni 16 Fr 4 -045 ; >10 - - |-051 ] >10 041 | >10 0.39 | >10
Snt 16 Bn 4 0.74 | >10 082 ] >10 {049 | >10 |-094 }5-10 | -092 ] 5-10
Sut 16 Bw 4 0.27 | >10 025 ] >10 |-0€5 | >10 |-069 {>10 | -0.70 | >10
AFA 1o Fi 465 9 005 | >10 027 | >10 062} 510 | 057 |>10 0.60 | 5-10
AFA 16 Fr 4 -092 | 510 {-0.89 [ >10 0.71 | >10 098 | 1-2 098 2
AFA 16 8n 4 |-000{>>10 "' 052 | >0 { 097|>I10} 012 [>10 | 045 >10
ArA le Bw 4 -087 | >10 [-012] >10 i-0.18 ] >10 [-034 | >10 | -044 | >10
Lubr 0 F1 465 7 -0.08 | >10 (047 >10 | 031 | >iG | 028 {>10 | 0.28 | >10
Lubr 20 FIGS 4 |-081 | >10 [-G&2 | >10 | 081 | >10 | 092 | 510 | 0921 5-10
Lubr 20 Fr 4 {-077| >10 [-0931] 510 | 055 >10 [-0.04 | >10 | -0.04 | >10
Lubt 20 Br 4 08z | >10 047 | >10 {-0.79 | >10 }-0.77 | >10 | -0.77 | >10
Lubr 20 Bw 4 074 | >10 0731 >10 |-0.01 | >10 |{-0.55 | >10 | -0.55| >10
RP 20 Fl 465 9 044 | >10 037 | >10 [-0.03 ] >:0 | 001 | >10 | -0.01 [ >10
ani** 16 F1465 5 -053 | >10 1-034 | >10 |-0.C4 | >i0 0.72 | >10 0.29 | >10
AP at zero min vs
Corr Conen. Element No. of Avg solids Max solids Avg Totamitor Max Totamitor
inhib Ib/Mbbl | identification tests : Signif " Signif ; Signif , Signif
% % % %
{ntreated
Snt+ 16 F1286 15 -0.19 >10 -0.35 >10 -0.32 >10 -0.64 0.1-1
Snt# i6 F1 440 9 -0.13 >10 -0.12 >10 -0.10 >10
AFAL 4 Fl 465 5 -0.60 >10 --0.95 1-2 -0.70 >10 -0.68 >10
RP 20 Fl 465 4 0.59 >10 047 >10 -0.13 >10 -0.13 >
Clay-treg.ed
Snt 16 F1 465 5 -0.61 >10 0.60 >10 -0.57 >0 0.58 >10
Smt I Fr 4 0.67 >10 0.41 >10 0.87 >10 -0.84 >10
Snt 16 Bn 4 095 s 0.87 >10 -0.82 >0
Snt 16 Bw 4 041 >10 043 >10 0.62 >10 0.73 >10
AFA 1o Fl 465 9 0.24 >10 0.34 >0 042 >10 -0.43 >10
AFA 16 Fr 4 0.20 >10 042 >16 0.77 >10 0.4 >10
AbA 16 Bn 4 0.01 >10 0.91 5-10
AFA 16 Bw 4 052 >i0 0.53 >10 Qu2 5-10 0.95 2-8
Lubr 20 FI 465 7 0.75 1.2 0.64 >10 -0.67 >0 0.50 >10
Lubr 20 FIGS 4 0.26 >10 0.18 >10 097 2.5 098 2.8
Labr 20 Fr 4 0.50 >10 072 >10 0.29 >10 09l $.'0
[ ubr 20 Bn 4 0.13 >10 G092 >0 0.8 >10 047 >0
[ abr 20 Bw 4 082 >10 0.7 >0 0.2% >10 -
RP 20 Fl 465 9 0.34 >16 045 >10 0.51 =10 052 >10
Snp* 16 FI 465 N 0.74 >10 083 510 0.41 >0 oy l*

L

*Pius 00 157 FSI unless otherwise noted
tProcedure 10
tContained O 17 ESIL
**Provedure 130
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the number of positive and negative cor- TABLE 51. CORRELATION BETWEEN MEASURES OF

relation coefficients is about the same ELEMENT PHYSICAL VARIATIONS
and the coefficients are generally not
statistically signiﬁcant. In the case of dif- Element weight AP in trough AP at zero min
ferential pressure at zero min vs eloment fo | No.of | b, vs o | o lvs A | Vts -

: o $4 uel ement n troy at zero min element we
welght,. there are ten negative correlation tests Signit : S |, St
coefficients out of a total of twelve. f % a, %
Although none of these coefficients is sig- v P

. ntreated JP-
nificant, even at the 10‘7? level, the'pre- T Fi5e T T T TS
ponderance of negative coefficients JP4]| F1465 8 252 1 >10
suggests that there is negative correlation JP-5 | Fl 465 4 w009 i
between differential pressure at zero min Ip:5 | F1286 2 Ty 023 | >10
ctween diflerential pressure al zero m PS|Flas | 6 e | - [-083 | >0
and element weight. However, negative IP-5 | Fi 440 5 R 003 | >10
correlation is the opposite of what would P FLsA 49 w | = [ -009 | >10
?e expectgd. Log.lcally, as element weight Clay-trecied JP-5
increases in a given element type, the SP-5T F1465 38 010 | >10 0.9 [ >10 [-012 |10
amount of filtration media contained JP5 4 FL 516 5 053 | 510 | 090 [ 25 |-031 | >10
RO PS5 | FIGS 4 056 { >10 | 077 | >10 | -656 | >0
}mt}ug the ﬁxe‘d element volume WOl'lld 5| Er 2 | 024 | S0 | 043 | S0 |03t | Si0
increase, resulting in increased density IP-5| Bn 12 055 | 510 |-0.38 | >10 | -006 | >10
and hence increased differential pressure P54 Bw 12 ]-030 } >10 | -012 | >10 | =013 | >10

(this is assuming there are no significant
fluctuations in weights of end caps or
cores).

In the foregoing attempis to determine correlation between element physical parameters, the indicated
generally poor correlation may stem from the fact that, for a given set of conditions, the :ange of element physical
parameters is too small to have much effect on the other parameters. In order to ext >nd the range of element
physical parameters. regression and correlation calculations were made on tests grouped according to procedure, fuel
type, corrosion inhibitor, corrosion inhibitor concentration, other additives and FSII concentration and including all
Filters Inc elements. This grouping of all Filters Inc lots may be justified since there were no apparent differences in
construction of the vanuus lots.

By lumping all Filters Inc elements together, relatioaships between element physical parameters, in tests
run with JP-$ fuel, wer as follows:

No. of Regression equation Correlation coefficient
data pairs 8 4 » Value Signif, %
St F, =0.012W - 5.6 0.db <0.1
209 P, =0.010W 26 0.64 <0.1
46 P,=LI17P + 13 . 0.72 <0.1

where
P, = differential pressurs in trough, psi

P, = differential pressure at O min, psi

W = eclemont weight, g

in afl three ceses. the correlation coefficients are positive and very highly significant. Thus, for this particular group of
elements. toial weight does bear 4 direct refation to-flow resistance that is statistically significant despite various
perturbing Tactors. Such factors might include vatations in end cap and core weight. variations in technique of
clement fabrication, and variation in medis compusition or internal geometry .

5¢




readings.

Means and standard deviations of the average AEL rating for these tests are given in Table 52 along with the
level of significance of the differences in means for different marufacturer’s elements. Statistically significant
differences between means of average AEL free water are indicated for several pairs of element manufacturers in the
tests involving either Santelene C or AFA-1. In the tests with Lubrizol. ali elements had very similar performance.
The subject of additive effects will be taken up in a later section of the report.

Similar results for the other element performance paramters for the same groups of tests are presented in

Tables 53 to 60.

9.  Elenvent Performance

lots of elements, the sigri! -

TABLE 52. COMPARISON OF AVERAGE AEL RATINGS FOR
ELEMENTS OF DIFFERENT MANUFACTURERS

In this secticn of the report, results of attempts to determine the difference in the performance of the
varicus lots of elements will be given. Wherever enough comparable tests (four or more) were run on different
.o ol the difference in means of the performance parameters for pairs of
element lots was determined by use of Student’s t. rcr convenience, the performarnce parameters are grouped
under four classifications as foliows: water removal, solids removal. solids retention capacity, and Totamitor

Results ot a series of tests involving three corrosion inhibitors and elements from four manufacturers
will be used throughout this section for all comparisons between element lots. These tests were all run
according to Procedure 13-A using :lay-treated JP-S fuel containing 0.15% F3ii. All tests, exccpt the 13
carliest.t were run as follows: 2ll tests with a given additive were run in a group, using the same 600 gal of fuel {plus
makeup after each test). Before each test. fuel was clay treated and then blended to the desired concenirations of
corrosion inhibitor and FSII. Four elements of each manufacturer were tested with each fuel-additive blend. The
order of testing elements was preselected randomly.

No.of | Corr |Conens | Av8AEL 1 Probability of greater
Element elements | inhib | 1b/Mbbl raiing difference in means. %
Mean | SD | F14865 Fr Bn Bw
FI 465 S Snt 16 15 24 - 1125 | >50 | >50
Fr 4 Snt 16 55 10 - - <0.1 1
Bn 4 Snt 16 16 6 - - 25-50
Bw 4 Snt 16 22 14 - - - -
FI 465 9 AFA 16 i0 4 - 10-25 1 2101 125
Fr 4 AFA 16 i2 1 - - 25-50 | 25-
Bn 4 AFA 16 13 1 - - - 2.5-5
Bw 4 AFA 16 45 25 - - -
Fl 465 7 Lubr 20 40 17 >50 | >50 | >S50
Fr 4 Lubr 20 39 19 - >50 | >50
Bn 4 Lubr 20 43 27 - >50
Bw 4 Lubr 20 45 20 -~
*Blended with clay-treated JP-3 + 0.15% FSII and tested according to procedure i3-A.

contiol over test sequence and fuel changes.

60

TThese carly tests were performed with F1 465 elements, with fuel containing 16 1b/Mbbl Santolene C (5 iests), 16 ib/Mbbl AFA-1
v (S tests), and 20 Ib/Mbbl Lubrizel 541 (3 tests). Test procedure was ideatical to that used in the later tests except for lack of rigid
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TABLE 53. COMPARISON OF MAXIMUM AEL RATINGS FOR
ELEMENTS OF DIFFERENT MANUFACTURERS

Blement | No-of | Com [Conene | M8 | e

. a A « 7 (7
elements | inhib | Ib/Mbbl o T S TFT a6 | Fr | Bn | Bw
FI 465 5 Snt 16 27 41| — |osi >0 | >s50
Fr 4 Snt 16 100 | o] - — lass | 25
Bn 4 Snt 16 41 |40 | - - - 1.2.5
Bw 4 Snt 16 42 39| - - - —
FI 465 9 AFA 16 19| 5| — |>s50 |2550]| <01
Fr 4 AFA 16 1211 - ~ {2550 { 0.1.05
Bn 4 AFA 16 2| 6 - - - 10105
Bw 4 AFA 16 88 |25 | — - — -
FI 465 7 Lubr 20 88 | 311 —~ [>50 |>50 | >50
Fr 4 Lubr | 20 80 |40 ' - - | >50 | >s0
Bn 4 Lubr 20 82 | 35 '! - - - >50
Bw 4 Lubr 20 80 | 40 i - - - -

*Blended with clay-treated JP-3 + 0.15% FSII and tested according to procedure 13-A.

TABLE 54. COMPARISON OF AVERAGE SOLIDS CONTENT
FGR ELEMENTS OF DIFFERENT MANUFACTURERS

Ne.of | Comr |Concn® Avg sc?iids l?robability of greater
Element elements | inhib - | 1b/Mbbi conteni, mg difference in means, %
Mear. | SD [Fl465 | Fr Bn Bw
F1 465 5 Sat 16 059 §1.20 - 25-50 | 25-50 | 25-50
7 4 Snt 16 0.08 | 0.04 — - >50 | >50
Ba 4 Snt 16 0.09 | 0.05 - - >50
Bw 4 Snt 16 0.10 | 0.05 - - - -
FI 465 9 AFA 16 0.10 | 0.04 - 5 >50 | >50
Fr 4 AFA 16 0.14 { 0.03 - - - {2550
Bn 4 AFA 16 0.09 | 0.01 - - | 25-50
Bw 4 AFA 16 0.12 { 0.06 - - -
F1 465 7 Lubr 20 0.68 | 0.34 >350 | 25-50 | >50
Fr 4 Lubr 20 0.76 | 0.20 >50 | >S50
Bn 4 Lubs 20 1.04 | 0.79 - ~ 12550
Bw 4 Lubr 20 0.56 | 0.68 - -

*Blended with clay-treated J¢-5 + 0.15% FS1I and tested according to procedure 13-A.
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TABLE 55. COMPARISON GF MAXIMUM SOLIDS CONTENTS
FOR ELEMENTS OF DIFFERENT MANUFACTURERS

Max solids Probebility of greater
No. -
Elerent eleome(:]fts ‘i:;; m!‘:bl content,mg | difference in means, %
Mean| SD |F1465] Fr Bn | Bw
FI 465 ) Snt . i6 2201 4.68 . 25-50 | 25-50 | 25-50
Fr 4 Snt 16 0121004 - oo >50 | 25-5G
Bn 4 Sat 16 0161 0.12 - s >S0
Bw 4 Snt 16 0.20 ] 0.12 - -
Fl 4635 9 AFA 16 020 ; 0.12 - I 25-50 1 >%0) >50
Fr 4 AFA 16 0.26 | 0.08 - . 10:25 | 10> 25
Br: 4 AFA ié 0.18 { 0.04 . s - >50
Bw 4 AFA i6 0.18 | 0.07 - - - e
F1 465 7 Lubr 20 .03 ] 046 - 10-25 | 25-50 | >S0
Fr 4 Lubr 20 0.88 | 0.62 o — >S50 >50
Bn 4 Lubr 20 140 { 027 - . >S50
Bw 4 Lubr 20 2.28 | 0.25 - . - e
*Biended with clay-treated JP-5 + 0.15% FSU and tested accozding to procedure i 3-A.

TABLE 56. COMPARISON OF ELEMENT WEIGHT GAIN FOR
ELEMENTS OF DIFFERENT MANUFACTURERS

No.of | Corr |Concn* Elemept Ptobab1ht¥ of greater difference
Elemcent ) ts| inhib | Ib/Mbbl wt gain in means, %

elemen Mean | SD | F1465 | Fr Bn Bw
Fl 465 5 Snt 16 202 | 16 - 10-25 10-25 | 0.1-0.5
Fr 4 Snt 15 189 10 - - 5-10 >50
Bn 4 Snt 16 239 | 42 - - 10-25
Bw 4 Snt 16 196 | 26
F1 465 9 AFA 16 240 1 50 - 0.1-0.5 | 10-25 25-50
Fr 4 AFA 16 170 9 - - 0.1.0.5 | 0.1.0.5
Bn 4 AFA 16 209 | 14 25-50
Bw 4 AFA 16 222 1 20 - -
FI 465 7 Lubr 20 170 | 34 6.1-1.0 | 16-25 5-10
Fr 4 Lubr 20 118 | 13 - 5-10 5-10
Bn 4 Lubr 20 143 | 19 - 25-50
Bw 4 Lubr 20 178 | 49 -

5 +(0.15% FSU and tested according to procadure 13-A.

*Blended with
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TABLE 57. COMPARISON OF % DIRT LOAD AT 20 PSI FOR
ELEMENTS OF DIFFERENT MANUFACTURERS

3 Dirtload | Probability of greater difference

t Cmm ®

- Element ez:;e:‘;' iConl i b /Mb;:l at 20 osi, 251., _ in means, %

: Mean] 8D JFI465 ] Fr Bn Bw ]

3

FI 465 5 Sat 16 94 10 25-50 1 0.5-1 25-50
Fr 4 Sat 16 99 | 12 e 255 10.10.5
Bn 4 Sat] 16 130 | 20 - 2.5.5
Bw 4 Sat| 16 9115} -- -
Fla6s | 9 AFAl 16 |nsl2s| — los1]|i025 | s0 g
Fr 4 AFA]l 16 86 ] - - 1-25 {0.501 §
Bn 4 AFAL 16 101 | 66 - - - 10. -2
Bw 4 AFA] 16 {111 ] 81 - - - j
F1 465 7 _ “Jubry 20 88 | 16 - 1-2.5 2.5 25-50
Fr 4 Lubr! 20 75 3 - - 50 0.5-1
Ba 4 Lubrf 20 66 { 11 - - - 1.2.5
Bw 4 Lubr] 20 98 | 14 — - -
*Blended with clay-trested JP-5 + 0.15% FSII and tested according to procedure l3fA.

: TABLE 54. COMPARISON OF % DIRT LOAD AT 40 PSI FOR
- ELEMENTS OF DIFFERENT MANUFACTURERS

No.of | Corr |Conen.® Drirtload | Probability of greater difference
Element | clements (inkib |Ib/Mbst [ACPS % L in neams. 7
" [ Mean SD |F1465] Fr 1 Bn Bw
FI 465 5 snt| 16 108 |24 — 2550128585 s0
Fr 4 sne| 16 10214 - - 1255 ] s0
Ba 4 sae | 16 |13 |2| - - ] s10
Bw 4 snt| 16 | 106 |16 | - - - -
Fl 465 9 AFAl 16 (120 ] 20| ~ [os1]ie] so
Fr 4 | aFal 1e 03 | 7] - - 1128 |oios
Bn 4 AFAT 16 | 106 | & . - 10
Bw 4 ARAL 16 | ne |8 ] - .
F1 467 7 Lubt| 20 B8 |16 ] — 28] 28 fosse
Fr 4 Lube| 20 1 3] - | - | 0 [oesi
Rn 4 Lubr| 20 RN RN TIN . a2
- Bw 4 Lubr| 20 98 | 14 .
i .
sBlended with clay-tregted JP-S + U.15% FSH and teated accueding to procediere 3-A
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| TABLE 59. COMPARISON OF AVERAGE TCTAMITOR RATINGS

FOR ELEMENTS OF DIFFERENT MANUFACTURERS

- ' - Avyg Tot Probability of greater
Ne.of | Corr | Conen,® A

Element e ’ afings difference in mewr.., %
clements | inhib | 1h/Mbbl Ve 50 TF 45 | Fr B Bw
F1465 5 | Sat 16 6 | 131 ~ |>50 2550 ] >50
Fr 4 Sat 16 4 51 - ~ {1025 {550
Bn 4 Snt 16 o} o] - - — {1025
Bw 4 Snt 16 2] 21 - - - -
Flaes | 9 | aFA | 16 0!l o] ~ |2s5{2550] 510
Fr 4 AFA | 16 1 0] - - | 25 {1025
Bn 4 AFA ] 16 o] o] - - - | 510
Bw 4 AFA | 16 4| 3 - - - -
Flass | 7 lwebet 20 | 4| 4] - lo10s]0s1 |12
R 4 (Lubr| 20 19| 6] — - | >0 | >s0
Ba 4 liube| 20 21 8 - - - | >s0
Bw 4 Lubr | 20 18| 91 - - - -

*Blended with clay-treated JP-5 + 0.15% FSU and Wmm proceduze 13-A.,

TABLE 60. COMPARISON OF MAXIMUM TOTAMITOR RATINGS

FOR ELEMENTS OF DIFFERENT MANUFACTURERS

o] MaxTot Probability of greater
Element e::;;;‘ :,;L m _fnat ; difference in means, %
Mzan [Fi465 | Fr | Bn | Bw
Fl 468 s Sat 16 20 | 44 - >80 | 25-50 | >0
Fr 4 Sat 16 20 28 - - 10-25 | >80
Bn 4 |sa | 16 1| o} -~ - - 1128
Bw 4 Sat 16 12 7 - - s -
| Fl 368 9 AFA i6 | i - $-10 | 0.5-1 510
Fr 4 AFA 16 2 | I - >80 | 10-25
B 4 AFA o | 2 1 - - - 10-25
Bw 4 AFA |l 16 {17 | 16 - - -
Fi 465 ? Lube 29 26 b ] ~ <01 10>} | <D
i 4 Lube | 20 9 8 - . >$3 | 2550
an 4 Fasbe 0 BS 28 - - - | 25:50
Bw - 4 l lote | 20 = Q - - SV S

* Blonded Wi r-Seoted JE-4 ¢ 0 191 FSIT and testnd sccdiding W procedue 1 34
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in order to provide information about the
overall performance of the different elements,
Table 61 was prepared. This table gives the rank
(1, 2, 3, 4 in order of decreasing performance)

TABLE 61. RANK OF ELEMENTS FOR
VARIOUS PERFORMANCE PARAMETERS

for eu.h ¢lement for the various performance Parameter Coir Element identification
parameters. inhib { F1465 | Fr | Bn{ Bw
For these particular groups of tests” an Avg AEL, mg/R Snt 1 4 2 2
oversll rank of the elemerts in order of de- AFA I 2 3 4
creasing effectiveness is as follows: Lubr 2 1 3 4
Max AEL, mg/? Snt ] 4 2 3
(1) FI465 AFA 2 1 3 4
: Lubr § 3 ] 2 1
(2) Bendix Avg solids, mg/® Sut 4 1 2 3
AFA 2 4 I 3
(3) Bowser Lubr 2 3 4 1
Max solids, mg/Q Snt 4 } 2 3
(4) Fram AFA 2 3 1 1
, ) Lubr 2 } 3 4
It should be emphasized that in the case of Element wt gain, 3 Snt 2 4 1 3
several parameters, the differences in. means for AFA 1 4 3 2
the various elements are nct stetistically signifi- Lubr 2 4 3 1
cant. Also, the overall rank is an unweighted Dirt load at 20 psi, % Snt - 3 2 1 2
averagc without any real statistica' significance. AFA 1 4 3 2
Hence, the overall ranking can be regarded only | Lubr 2 "3 4 1
as indicative of general performance in this Dirt load at 40 psi. 7| Sat 2 4 1 3
pariicular test program. AFA 1 4 3 2
Lubr 2 3 4 1
Four tests, similar to those run in the tesi Avg Totamitor Snt 4 3 1 2
series dealt with above, were run using JP-S + AFA 1 2 ; 1 3
20 1b/Mbbl Lubr + 0.15% FSH ard Filters Inc : Lubr ] 3 4 |2
elements from government supply. Results of Max Totamitor Snt 3 3 1 2
these four tests are given in Table 6.2 along with AFA ] 2 2 3
results of seven similar tests in which Filters [nc Lubr l 3 N 4
Lot 465 elemests were used. Comparison of
results from these two groups of tests shows Average rank 20 2712325
that the ewments from government stock Average overall rank ! 4 2 3
exhibited slightly better mean performance - -
parameters in every case. In most cases, how- *Concentrations: 16 Ib Jbbi Sit; 16 lbf&it-b; A¥A, 20 ib/Mbnl
ever, the differences are not statistically sigrufi- Lubt, Clay-treated JP < "ol biends all contained O 157 8574

cant: in only one case, that of element weight
gain, is ihe difference in means significani 4t

better than the $% level The chowe of Lubrizol 54) as the fue! vorninion inhiditor placed all of these tests
well into the “faglure™ cone, so the resulls are not necessarily mdicative of wélative glenrent performance undet less
severe conditions. .

Also among the eleinents that weir tested in this program weie some identified by the manufacrurers 2y ecial
ekments capable of remuving red iror oxde, Pleer RIVOR® from whibited fuel ihree Bowser aad thiee
Bendix elements of thus type were twested m the Al/SS loop sccording to 2 masdified 5901 B inhibited fuel
test procedute tn which the solid contaminant was Pizer R.9998 ted 1ron oxide instead of AC dust

*The s dightly cosrer than the Foler 118 red iron ovide aormally ssed in fderepatator tecing

6s




TABLE 62. COMPARISGN OF PERFORMANCE OF The modified 89G1-B inhibited-fuel

: FILTERS INC LOT 465 ELEMENTS WITH . - tests consisted of flowing fuel through the
FILTERS INC ELEMENTS FROM test filter-separator at 20 gpm, injecting
GOVERNMENT SUPPLY water at 0.2 gpm throughout the test, and

injecting solid contaminant (in this czse rd
iron oxide) at a rate of 2.86 g/min, starting

Performance - F1455¢ FIGSt Signif &t 60 min into the test and continuing until
parameter® Mean | SD | Mean 3D lewel, % the end of the test (cither at 40-psi differen-

tial pressure or at 130 mir: of testing). Two

Avg AEL, mg/ 40 17 28 13 | 10-25 tests were run on each manufecturer’s ele-
Max AEL, mg/® 88 31 52 33 | 1025 ments using JP-S fuel containing 6.15% FSII
Avy solids, mg/ 0.68 {034 | 040 028 | 1025 and 10 Ib/Mbbl AFA-1 corosion inhibitor.
Max solids, mg/? 103 1046 { 088 1062 | >S50 One test was rur on each manufacturer’s ele -
Element wt gain, g 170 34 | 208 19 | 255 ment using JP-S fuel without corosion
Dirt load at 20 psi, & 88 16 | 102 10} 510 innibitor. In all test invclving corrosicn
Dirt load at 40 psi, % 88 16 1 105 10} 510 inhibitor, the elements exhibited very
Avg Tetamito: 4 4 1 2} 1628 unsatisfactory performance. Efflwent foel
Max Totamitor 26 28 i3 13 | 25-50 was highly contaminated: maxiniem Totami-
tor rezdings ranged from 53 to 190, average

*All tests run according to Procedure 13-A using clay-treated }P-S + 29 solids contents ranged Som 1.23 1> 103
w t:u: +0.15% FSh. mg/?, maxhrum solids contents ranged from
$Four tests. 246 to 1757 mg/f, and maximum fier
water contenis ranged from 12 to 20+ mgif.

In these inhibited-fuel tests, prrformance of
both nanufacturer’s elements was unsatisfactory. but the Bowser elernents were appreciably bettsr in filtration
efficiency, giving average effluent solids contents of 2.62 and 1.23 mg/® in comparison with 10.03 znd 9.60 g/t for
the Bendix elements. It may be noted that even the “better” efficiency of the Bowser elements was poos in terms of
normal performance standards. This difference in filtration efficden:zy may be related to the differences in plugging
behavior of the two manufacturers’ elements. Bowser elements plugged rapidly, the pressure drop exceeding 40 psi
at 86 and 87 min, in comparison with pressure drops of ouly 8.4 and 8.5 psi in 139-min tests with the Bendix
elements. With regard to effluent Totamitor readings and free water contents, theie was no appreciable difference
between Bowser and Bendix elements.

10. Additive Evcacts
a. Fuel Quality Parameters

The effects of various additives. FSII, and corrosion inhibitors on WSIM and 1FT values were studied using
pre-test measuremnents on loop-test fuel. Oniy a fev tests were performed on fresh JP-4. The great majority of tests were
performed on JP-5 which contained 0.1 5% FSII. Generally, corrosion inhibitors were tested only at retzimum effective
and maximum allowable concentrations® in fresh JP-5, and only at maximun allowad:® ~oncentrations ir clay-treated
JP-5.

1. Effectof FSlI

The relative effect of 0.15% FSIl in fresh JP4, fresh JP-5. and clay-treated JP-5 ‘s shown below:

Fuel ) No. of tests Mean WSD! Mean IFT
JP4 2 100 405
JP-< +0.15% FsH 3 93.7 0.9
JP-3 1 920 - 406
JP-5+0.15% FSH 6 - 87.0 438
IP5(CTH) 2 97.5 475

94.0 450

N

JP-5(CT§) + 0.15% FSlI

* As set forth in QPL-25017-7. NaSul EDS, a formesly qualified corrosion inhibitor, was also tested.
$+CT = clay-ueated.
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JP-5 +0.15% FSII

FIGURE & EFFECT OF CORROSION INHIBITOR CONCENTRATION
ON QUALITY FARAMETERS OF FRESH
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1n principle, it should be possible to relate concentration plots to the caitical micelle concentration of
surface-active substances. incufficient data are available to judge whether such reletionzhips exist for WSIM or IFT.

WSIM and IFT decreases fos each inhibitor at the maximum concentration tested are expressed as
a peccentage of the zero-concentration valuz and are listed oelow in order of incressing eifect:

WSIM N
Sat 18.3% So 20.3% ;
AFA 30.0% RP 38.1% -
Laabr 51.4% Lubr 40.0%
RP 51.4% Tl 42.5%
Uni 54.0% Uni 45.9%
Tol 65.5% AFA 46.8%

This Jisplay shows that WSIM and IFT do not decrease at equivalent rates for every corrosion
inhihitor and *hat certain inhibitors affect one parameter to a far greater degree than the other.

b. Element Performance Parameters

The measures of element performance that are considered in the following paragraphs are (1) element
weight gain, (2) percent dirt load at 20 and 40 psi, (3) average and maximum AEL ratings, (4) average and maximum
solids contents, and (5) average and maximum Totamitor ratings.

(1) Effect of FSII TABLE 64. EFFECT OF FSII IN FRESH FUEL ON DIFFERENT
FILTER-SEPARATOR PERFORMANCE PARAMETERS*
The cffect of

FSii (in both JP-4 and JP-5) on ele- Mean values of performance parameters for different concn of FSII
ment performance parameters is
presented in Table 64. The orly Fresh JP4 Fresh IP-5
group of tesis from which ary com- Parameters 0% FSIt |0.15%FSIl | 0% FSH |0.15% FSII
paable data could be extracted (2tests) | (3 tests) (1 test) [ (3 tests)
were those which had all test condi-
tions the same except FSH content Element wt gain, g 642 540 418 317
of the respective fuels. The oaly % divt at 20 psi 346 308 186 151
groups of tests which met these % dirt at 40 psi 390 347 209 152
conditions were those which were Avg AEL rating 2 2 2 0
performed according to Procedure Max AEL rating 7 4 3 0
10 with Filters Inc elements from Avg solids, mg/? 0.10 0.02 0.08 0.02
Lot 286. As can be seen from Table Max solids, mg/¢ 0.26 0.04 0.21 0.02
64 for both JP-4 and JP-5, the only Avg Tot rating 0 0 0 3
parameters which were adversely Max Tot rating 0 1 0 0
affected by the presencz of FSil in
the fuel were those concerned with *All tests were performed according to Procedure 10 using ¥1 286 elements.
the solids retention capacity of the

element—element weight gain, per-
cent dirt load at 20 psi, and percent dirt load at 40 psi. All other performance parameters are measures of effluent

fuel quality, these were either unaffected or improved by the presence of FSH. However, improvement of the
parameters may bc fortuitous due to the extreme variability of these parameters and the limited nurmiver of tests.

(2) Effect of Corrosion Inhibitors

In JP-4 fuel, effects on performance parameters could be determined for only one inhibitor,
Santolene C. The results of tests run on ihree different concentrations of this inhibitor in JP-4 + 0.15% FSU) are
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TABLE 65. EFFECT OF SANTCLENE C CONCENTRATION shown in Table 65. In general, increasing
IN JP-4 ON DIFFERENT FILTER-SEPARATOR the concentration of Santolene C affocted
PERFORMANCE PARAMETERS* adversely every measure of element per-

formance except Totamitor ratings, and,

Mean values of performance parameters for different concn of Snt as was the case for FSII, this phenome.
non was particularly evident in element

Parameter 0 ib/Mbbi 4 1b/Mbbl 16 1b/Mbbl parameters relating to solids retention
: (3 tests) (3 tests) (2 tests) capacity.
Elemert wt gain, g 540 394 285 When considering the
% dirt at 20 psi 308 188 113 relative effect of corrosion inhibitors on
% dirt at 40 psi 247 . 225 138 JP-5, the conditions under which every
Avg AEL rating 2 2 6 qualified inhibitort was tested were as
Max AEL rating 4 5 6 follows: clay-treated fuel +0.15% FSII,
Avg solids, mg/? 0.02 0.05 0.04 Procedure 13-A, and Filters Inc elements
Max solids, mg/? 0.04 0.08 0.06 from Lot 465. Table 66 shows the mean
Avg Tot rating 0 0 0 values of evary parameter for each corro-
Max Tot rating I 1 0 0 sion inhibitor as well as the relative rank
: of each inhjbitor with respect to any
*Al! tosts were performed according to Procedure 10, using FI 286 given parameter.
elements and JP4 + 0.15% FSII.

The tabulated results
strongly suggest that there is considerable
difference in the effects of the various
inhibitors on filter-separator performance. The inhibitois are airanged in order, from left to right, of overall
increasing deleterious effect on filter-separator performance. Because of the small number of tests on three of the
corrosion inhibitors and the fact that ail of the data were obtained from tests with one manufacturer’s
filter-separator elements, it is not possible to conclude that the relative ranking will be generally true. ‘

TABLE 66. RELATIVE EFFECT OF CORROSION INHIBITORS ON DIFFERENT
FILTER-SEPARATOR PERFGRMANCE PARAMETERS*

AFA RP Tol Snt Uni Lubr
Parameters 16 1b/Mbbl 20 1b/Mbbl € ib/Mbbl 16 1b/Mhbl 20 Ib/Mbbl 20 lb/Mbbl
(9 tests) (9 tests) (2 tests) {5 tests) (3 tests) (7 tests)
Mean | Rank [Mean |Rank |Mean | Rank | Mean | Rank | Mean | Rank | Mean | Rank
Elemsnt wt gain, g | 240 1 239 2 126 6 202 3 176 4 170 s
% Dirt at 20 psi 115 2 16 1 66 6 91 3 86 5 88 4
% Dirt at 40 psi 120 2 121 1 66 6 108 3 87 5 88 4
Avg AEL rating 10| i 21 | 4 13 2 15 | 3 2| S 0| 6
1 Max AEL sating 19 | 1 45 | s 251 2 2713 4 | 4 8 | 6
. Avg solids. mg/@ 010 !t 017 [ 4 foie | 3 |0s9 ] s [oas| 2 |oes | 6
Max solids, mg/¢ 0.20 ] n.32 4 0.23 3 2.20 6 0.22 2 1.03 5
Avg Tot rating 0 1 2 2 2 2 6 4 4 4 4 3
Max Tot rating L | ! iy 3 6 2 20 4 29 6 26 5

*AH tests were performed according to Procedure 13-A using FI 465 oloments and clay-treated JP-$ + 0.15% FSI. Each corrosion
tvhibitor vas tested at maximum allowable conceptrution stated in QPL-25017-7,

t According to QPL-25017-7.




11. Relationships Between Element Performance Parameters

The relationships which exist between different clement performance paramsters were investigated by
means of correlation and regression analysis, and results of these investigations are reported in this section.
Among the element performance parameters that are compaied, are clement dirt load at 20 and 40 psi, as
well as the following measures of effluent fuel quality: average and maximum AEL rating; average and
maximum solids content; average and maximum Totamitor reading.

Considering those tests which had the same combinations of fuel, additives, element, and procedure, ten
correlation calculations were performed as follows:

(1) average AEL rating vs average solids content

(2) average AEL rating vs average Totamitor reading

(3) average solids content vs % dirt load at 20 psi

(4) average solids content vs % dirt load at 40 psi

(5) average solids content vs average Totamitor reading

(6) average Totamitor reading vs % dirt load at 20 psi

(7) average Totamitor reading vs % dirt load at 40 psi

(8) maximum AEL rating vs maximum soiids coitcnt

(9) maximum soliis content vs maximum Totamitor reading
(10) maximum Totamitor reading vs maximum AEL rating.

With these grouping conditions appiied, only calculations number 2, 6, 7, and 10 .ecwmlted in any
noticeable trend of correlation. Table 67, which shows results of correlation caiculations for average AEL
rating and average Totamitor reading, indicates that positive correlation exists. Most of the correlation coeffi-
cients are high and statistically significant; they are also all positive. These rerults indicate that, for every
comkination of conditions on which these calculations were performed, the Totamitor reading v:ried directly
with the AEL ratings. A look at the regression cquations, also shown in Table 67, indicates that ai! of the
regression coefficients lie in the range of 0.1 to 0.5.

Results of efforts tc correlate average solids content with average Totamitor reading for the same com-
binations were not as productive of consistent results. Out of eleven correlation coefficier.ts obtained, five are
positive and six negative. It cannot, however, be concluded from these results that the average Totamitor
reading is not influenced by the average colids content. In fact, the contrary is true. as will be shown in the
foilowing paragrzphs. It can be concluded that the effect of solids on Totamitor reading is subject to a great
deal more scatter than that of free water. Tne effect of solids is far less precise than the effect of water on
Totamitor reading.

€ rrelation coefficients for maximum Totamitor reading vs maximum AEL rating were generally positive,
but generally nut statistically ugnificunt. Results {(shown in Table 68) indicate that for most combinations
tried ¢13 out of 17) the maximum Totamitor reading varied direcily with the maximum AEL rating. Because
of the grea: variability of results, the regression equations are not presented. Maximum solids content vs
maximum Totamitor reading calculstions proved even less consistent with nine correlation coefficients being
pesitive and nine being uegative. These facts merely support tne conclusion tnat free water has a more precise
and reproducible effect on Totamitor readings than does sclids content.
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TABLE 67. CORRELATION BETWEEN AVERAGE AEL AND

AVERAGE TOTAMITOR RATINGS
JR-5 Fuel Blend®
Curr | Conca, | FSIL.| Elemest [No.of | Regemics | Comelation | Cocfficent | .
2 thid { BN | % | identification | tests cquation | coefficient | signif level %
§ Untreared ‘
; St T 76 [ O15] H 28 15 [T=0iA-01 (73] &y | -
4 Satt 16 | 0135 Fl 440 ° - - -
! AFA| & |oae] Paes s |t=o03av0s | oss 25
RP 0 |oers| Fiass 4 - Y- -
4
{ Clay-treated
£ ] 6 o3 Fiied —3 =0SAC1T | e an
5 Snt 16 Jois| F 4 l1=02a-166] om0 it
! Sat 16 | 015 Ba 4 - - -
! Snt 16 015 | Bw 4 jT=00a-10 ca9 X
L - AFA i6 0.15 F1 458 9 . - -_
' AFA| 16 [e1s! Fr 4 - - 4 -
AFA] 16 joas| Ba 4 - - . -
AFA] 16 1015 Bw 4 [T=21a-21 054 12
Lube | 2 | 035 Fla6s 7 |T=0:A-20 067 510
Labe i 20 |o0a5| FGs ¢ lt=01a-22 039 25
Lbrj 2 jois) E 4 J1=03a+22 034 $-10
bube! 26 [015! Ba ¢ ‘T=02a+n2| oas9 >16
Lobe, 26 (005! Bw 4 [T=)4A+04 036 510
RP 20 [01S; Fl46S s lr=p2a-18 0% ol
Satg i 16 oIS | E146s s - o s
*Tested according 1o procedwre 13-A ualtss ol srwiae Zoted.
1Procedure 0.
tProceduse 13-1. -
TABLE 68. CORRELATION BETWEEN MAXIMUM TOTAMITOR )
READINGS AND MAXIMUM AEL RATINGS -
JP-§ Fuel Blend*
Cors | Concn, | FSH, | Elemenr | No.of | Corrchation ; Cocfficent
inhib | W/MbY | % |identificasion | tesss | cocificient | sinif leved.
Untrenzed
Sat | 16 1015 | Fi®6 [ IS 069 611
Satt 16 Q.15 Fl 460 9 007 >0
AFA 4 joi0 ] Fies 5 0.66 >10
RP 20 1ois | Fie6s 4 099 G.L
Clay-treated
St 6 T01s | Fi46s 3 05 D1
Sat 16 {0is | Fr 4 - -
St 16 |015 | Ba 4 ~0.99 0.1
Sat 16 0.15 Bw 4 084 510
AFA | 16 [ 015 | Fi4s5 9 —am >10
AFA 16 0.15 Fr 4 04! >10
AFA 15 0.15 Bn 4 -08s 510
AFA 16 0.15 Bw 4 041 >10
b | 20 |ois | Fraes 7 940 >10 :
whr | 20 o015 FAGS 4 094 12
b | 20 {015 ] F 4 091 >10
Labr | 20 [GIS | B 4 00! >10
wee | 20 Jois | Bw 4 - - -
R | 20 lois | Fas 9 o | 4 !
Smi} 16 |015 | Flas | S an i o>
1 L
*Tested according to procedure 13-A uzless otherwise »otzd
1 Procedure 10.
v 3 Procedure 13-). i
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Avenage Totamitor readings, when compared with percent dirt load at 20 and 40 psi, were found to decresse as
percent dict load increased for 12 out of 16 corabinations. This effect can possibly be interpreted 3 follows. As the
elenznt encounters more solid contaminant, its efficiency in removing solids mey be snproved due 1o an effective
reduction in pore size by the buildup of a cike of solids within the media. This effect is, however, silf imiting, and
rupture of the elemeat is bound to occur if ihe amount of solids becomes sufficient to severely restrict £wi fiow shrough
the element. This effect does not nezessarily have ta impais the water-remorving elficiency of the elemeat. It i plausible
that (e effect of dirt loading on element performance as represented by Totamitor readings may not be the same for
differe~1 manufacturer’s elements. However, no detectable difference in the behavior of different ehements with respect
to this correlation could be observed. The results of these correlation caleulations ase preseated in Table 69.

Re.ults of similar attemp?s 10 correlate average solids content with percent dirt at 2D and 40 psi are shown bejow.

Parameters compzred Correlation coefficients
Avg solids vs % dirt (20 ps:) 10 pos, 9 neg
Ave solids ¥s % dirt (40 psi) 11 pos, 8 neg

TABLE 69. CORRELATION BETWEEN AVERAGE TOTAMITOR READING AND
% TIRT LOAD AT 20 AND 40 PSi

JP-5 Fuel Blend®
- -
5 Average Totamitor reading
Corr ) Concn, | FSH.| Elememt | No.of m::gg‘pd lo_‘;:fpd
mhib [Ib/MbH | % | identification | tests Corr | Sl | Comr | Sizl
coef f{level. & | coef | level 3
Untreated ]
Sati | 16 0.15 F1 286 15 | 007 | >10 05 >0
Satt 16 .15 F1 440 9 - - - -
AFA 4 0.1G F1 465 s j—caz i >0 P -029] >
RP 20 0.15 FR 465 4 1074} >10 | 08| >I0
Clay-treated
Sat 16 0.15 F1465 5 T041 ] >10 1-035:] >10
Sat 16 0.15 Fr 4 J-901 | >10 | -013] >0
Sat 16 0.15 Bn 4 - - - -
Sat 16 0.15 Bw 4 |~-091 2.5 -0.88 5
AFA 16 0.15 F1 465 a |006 | >10 | -010] >i0
AFA 1€ 0.15 Fr 4 1068 | >16 | -071] >10
AFA 16 0.15 Bn 4 - - - —
AFA 16 9.15 Rw 4 0.14 | >I6 2!l >0
Lubr 20 013 FI 465 7 |-01i | >10 | 011} >i0
Lubr 20 0.15 F1GS 4 |-098 | 0.1-1 | -098] 0€.1-1
Lubr 20 0.15 Fr 4 004 | >10 204 | >10
wubr 20 0.15 Ba 4 |-054 ] >10 | -0541 >10
Lubr 20 0.158 Bw 4 ]-051 ] >10 | 051 >10
RP 20 015 FI 465 9 0.33 | >10 030 | >10-
Sui 16 0.15 F1 455 5 |-029 | >10 | -035| >I10
*Tested ar cording to procedur: 13-A uznless otherwise noted.
+ Procedure 10.
tProcedure 13-1
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For all but two combinations, the coefyscients wers not statistically significant; ite the two cases for which the
coeffiients were significant, they were of diffsrect sign.

A kaowledge of whether coalesvence and filtration faiheres generally occur simmitupecusty wis thow;ht to be
usefil in ratir-g element pecformance.

Efforts t0 comrelate AEL nticgs with solids contents, either for the sverage or ﬂu maximum, guve no
conciusive resuits for the combinations iried. Below is a summary of results cblained:

Parameiers compared Correlation coefficients
Avg AEL vs avy solids 13 pos, 6 neg
Max AEL vs max solids 13 pos, §

In these comparisons, mest correlations were not statistically significant. Of those that we're statistically significant,
some weie posilive and some negative coefficients. Therefore. it is impossible to determine conclusively whether
coalescence and filtration failures tend te occur simultaneously on the basis of the test conditions used.

All of the resuits discussed in the pre-

TABLE 70. CORRELATION BETWEEN AVERAGE ceding paragraphs were obtained from all
AEL RATING AND AVERAGE groups of four or more tests whick had the

SOLIDS CONTENT same combinations of fuel, sdditives, element,

and procedure; therefore, in most cases, the

results are derived from a small number of tests,

N n - - Because of the inherent variability of the mea-
:;; m Element !::;’f Lmﬂﬁ mf mf‘ surements being considered, true relationships
" betweer: diffezent parameters can be obscured
none | pone F1286 S 37 >12 when only a few omple-tests are investigated.
aone | BIL Fi40A! s 077 5-10 . In an effort to increase the number of tests for
none | PCR FI440A ] 8 093 <0.1 a given comparison, certain conditions for
none | NA-1 F1 365 4 -026 >10 grouping were refaxed; this resulted in the fol-
Sat ncne | F1286 22 00! >10 loviag findings.
Snt neae F1450 13 0.88 <91 .
Sat rooe | F1465 | 12 057 <ol By considering those groups of tesis
:: x: !;: 516 i 0-;3 ;ig which had onlv the same combinations of 2ddi-
Sat none Bn 4 0.88 510 tives and elements {without restricting tesi pro-
Snt nore | Bw 1 017 >10 cedure), the genera! trend of comelation be-
Sat none Fi4<0a | 10 073 1 tween average AEL rating and average soiids
AFA | none F1440 13 -0.46 {d content is not substantially improved. Table 70,
AFA | none Fl 465 18 0.23 > which presents the results of corcelation cal-
AFA | none Fr 4 0.35 >10 culations on these groups, shows that nine of
AFA 1 nose | bn 4 2.00 >10 thirty-one coefficients are n-gative. Considering
AFA | nooe | Bw 4 —042 >10 cnly those which are stacstically significant
AFA | none FI 440A | 16 20 210 (5% probability of 2 greater correlation cceffi-
Tol none F1 440 6 0.27 >10 - . - R
Lubr | rone | FI44C | 4 -085 5-10 cient occurring by chance), there are six posi-
Lubr | none Fl 465 7 0.04 >10 tive co.:-ﬁcnenfs and only one negaiive. This
Lubr none FIGS 4 0.3d >10 suggests *hat in most cases there is a trend
Lube | nooe Fr 4 -053 2 toward simultsnecus coalescence and filtration
Lubt | noae Bn 4 -0.06 >10 failure: however, no pattern of beiter or worse
Lubr | nos: bw 4 0.4 >i6 correlaticn for differert elerent lots or dif-
RP mov Flazp ; 1! 0.7 0.1 foeat corrcsion inhibiicrs could be detected.
RP none ri 463 i3 0.11 >0
RP none l-.l pptall B l 0.46 210 Considering groups of iests which had the
EDS none Fl 440 4 0.28 >10 - . .
Uni 2one F1440 4 .44 S g s:u.ne combma'txo.ns of solids, fuel, and addufves
Uni rone | Fl1440a4 | 8 -0.03 >10 {without restricting *te type of elements) lite-
wise did not improve the correlation. Eight of
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tmniy correlation coefficiznts were negative; only three of the positive and one of the negative coefricients were
statistically significant. The results are shown in Table 71.

" TABLE 71. CORRELATION BEWEEN AVERAGE AEL RATING AND AVERAGE
: SOLIDS CONTENT (DISREGARDING ELEMENT LOT}

Fuel Cors™} Other Type of No. of | Correlation | Coefficient

* | inhib | additive solids : tesis | coefficient | signif level, %
P4 noﬁe none | coarse AC dust 5 0.07 >10
JP4 | none { ASA | coarse AC dust 5 -0.09 >10
JP4 | Snt none ¢ coarse AC dust 5 0.42 >10

,.-IPQS" none | none |-coarse AC dust

4 0.73 >10
JP-5 { none | none | RIO(i-116) 3 0.87 >i0
JP-5 | none | PtL coarse AC dust 5 0.77 5-10
JP-5 { none | PtCR { coarse AC dust 8 0.94 <0.1
JP-5 | none | NA-1 | coarse AC dust 4 —0.26 >10
JP-5 ] Snt none coarse AC dust 48 0.41 0.1-1
-5 | Snt none | fine AC dust 15 0.22 >10
JP-5 | AFA | none | coarse AC dust 35 - —0.06 >10
JP-5 { AFA | none fine AC dust 12 0.14 >10
JP5S | AFA| none | RIO(R-9998) 5 -0.88 2
JP-5 | Tol none coarse AC dust 7 -0.56 >10
JP-5 | Lubs none coarse AC dust 26 -0.24 >10
JP-5 | RP none coarse AC dust 18 0.28 >10
JP-5 | RP none fine AC dust 10 0.54 5-10
JP-5 | Uni none coarsz AC dust 6 0.94 <0.1
JP-5 § Uni none fine AC dust 5 —0.19 >10
JP-5 | Uni none 50% coarse, 50% fine
AC dust 7 ~0.25 >i0

By considering all efflvent fuei samples (A, B, and C) for ali the tests reported herein, without regard to test
conditions, the following correiation coefficients for Totamitor reading vs AEL rating and Totamitor reading vs
solids content are obtained.

Totamitor reading vs Totamitor reading vs
AEL rating (750 samples) solids content (759 samples)
T Level of signit I Level of signif
0.69 <<0.1% 0.27 <0.1%
Regression equation Tot = 0.6 AEL + 0.5; Tot = 2.7 solids + 5.2

The plots of the regression equations are shown in Figure 7. As can be seen, the slope of the line associated
with solids content is much steeper than that concerned with AEL rating. This suggests that solids content has a
much more pronounced effect on Totamitor readings than wocs free water.* However, free water l:as a much more
precise and consistent effect on Totamitor readings, as was noted earlier. ‘

*This tentative conclusion obviously applics oniy to the cpecific contami. :nts and test conditions in this program. Herc. solid
materiz! in the effluent will tend to be the finer fraction of the solid contamisiani, and water in ihe etiluent wiil tend to be partially
coalesced, medium-size dropluis that are ev‘rained ‘hrough the separats:. When thes: conditions apply, ie., so long 35 the element
has not suffered gross failure, the solids will have a greater effect on Jight scatiering than will equal concentration ot frec water.
Where fabiure is more severe, these relative effects are likely to te reversed
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AZL rating or wiide content, mg/t

FIGURE 7. CORRELATiONS BETWEEN
TOTAMITOR RATINGS AND SOLIDS
CONTENTS AND AEL RATINCS

TABLE 72. CORRELATION BETYWEEN AVERAGE
SOLIDS + AVERAGE AEL AND AVEKAGE

TOTAMITOR READING

Fucl Corr | Concn. | Mo, of | Correlstion coefficient

inhib | 1b/Mbbl | tests | Value W level, %
P4 | none | -~ 10 0.89 0.1
JP4 | AFA 4 6 |-009 >10
JP-5 | none 1] 37 0.78 <0.1
JPS | Sat 4 4 0.99 <01
IP.5 | snt 16 68 0.58 <0.1
JP-S | AFA 4 Y 0.76 1
JPS | AFA ] 10 4 0.47 >10
Jps | AFA | 16 44 .17 >10
s | Tl 20 6 0.58 >10
JP5 | Lubr | 20 28 0.40 2.5
JPs | R 20 27 0.81 <0.1
JPS | EDS 4.5 4 0.00 >10
25 | Uni 9 5 0.99 <0.1
J?5 | Uni P2 10 092 <0.1

When average Totamitor is compared to the sum of average solids content and average AEL rating, good
positive correlation is obtained. Table 72 shows the resulting correlation coetficients when only those tests which
have the same fuel corrosion inhibitor blends are compared. Of fourteen coefficients, only one is negative and one is
zero. With all grouping restrictions removed except type of fuel. the following correlation coefficients are obtained:

Fuel Correlation between Totamitor and AEL + solids content
Coefficient Level of signif Regres. o equation
JP-4 {24 tests) 0.63 <0.1% T=0.1(A+S)-0.2
JP-5 (251 tests) 0.53 <<0.1% T=03(A+S)+.7

b
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FICURE 8. AVERAGE TOTAMITOR READING V5
AVERAGE AEL RATING + AVERAGE SOLIDS

CONTENT FOR JP-4 AND JP-5

Plots of the regression equations are shown in Figure 8.
These data indicate that Totamitor readings are more sensi-
tive to changes in contamination level of JP-¢ than of JP-4.
This relationship is applicable only to the tesis in this par-
ticular program and may be fortuitous.

12. Cornparison of Test Procedures

Twenty-nine different loop test procedures were used
in obtaining the data presented in this report. Many of
these procedures were uscd only once or twice, so that no
compoarisons of relative severity can be obiained. Among
the procedures used in 2 greater number of tests, direct
comparisons of procedure severity are invalidated in many
cases because of differences in fuel. additive, or element lot.
Direct comparisons ol procedure severity are valid in only
three cases, in which Procedure 13-f 1s compared with Pro-
cedures 10, 13-M, or 13-A. It will be recalled that
Procedure 10, using coarse AC dust, is fairly similar to
the MIL-F-890iA inhibited-fuel procedure, and the
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others follow a “dirt-first” schedule with coarse AC dust (13-A), fine AC dust (13-]), or a 50-50 mixed dus*
{13-N).

Tiese comparisons are listed in Tables 73 through 75. Inspection of these comparative data reveals that
the parameters related to element plugging, i.e., solids reteation capacity (perce:t dirt load and element weight gain)
behaved differcntly than the parameters reiated to ¢flluent cleanliness (solids and water contents and Totamitor
readings). Statistical significance of the differences in test procedure severity cannot be assessed for two of the three
comparisons because of insufficient number of tests by one procedure or the other. Qualitatively, the procedvre
severities line np as shown in the following tabulation, where statistical significance of differences is shown 23 NS
{not significant), VHS (very highly significant), or U (unknown, insufficient data):

: 13- more severe of less severe
Procedure Effluent Solids
cleanliness capacity
13-J v 13-N More (U) Sume (U)
13-fw 13-A - Less (NS) More (VHS) -
13-Jws 10 More (U) Same (U)

One would expect Procedure 13-J to be the most severe, since this procedure includes the use of the finest of
the test contaminants. In terms of solids capacity, the data are in agreement with (iis expectation, since the sole
significant difference indicates Procedure 13-} to be more severe than 13-A. Ju the parameters related to effluent
cleanliness, statistical significance cannot be ascribed to the differences observed, but qualitative differences in the
direction of greater severity for 13- are noted in two out of thres cases. These differences in effluent cleanliness are
across-the-board; i.e., in a given comparison of two procedures, the solids and water contents and the Totamitor
readings all pointed in the same direction.

The comparison of Procedure 13-J with 13-A gave quite a different picture of relative severity than did the
comparisons of 13-J with 13-N or 10. The major difference was in the plugging behavior (solids retention capacity),

as illustrated by the following list of dirt loads at 40 psi:

13-Jws 13N 13-Jvs 13-A 13-Jvs 10
' % dirt load at 40 psi:

13-3 112 63 114

13-N 113

13-A o 108

10 . 116
JP-S clay-treated: Mo Yes No
Corrosior: inhibitor AFa Snt Sat
Elemeni ot no. 440A 468 440

In the 13-} tests used {o1 comparison with 13-A, the plugging var much more severe than in any of the other
tests by any procedure, including 13-J. Feasons for this difference are aot readily apparent. in thees particular 13-
tects, the fue! was clay-treated, and the elements came from a different lot than those used i the other tests. Thus,
the rapid plugging observed with fine AC dust in thase 13.] tests i evidently not a general phenonenon, byt is
specific for certain combinations of test materals.

Similar comparisons in Table 76 indicate little differsnce in avorage AEL istings far tests run with dif
ferent solid contaruinants, except tnat significantly higher AEL ratings were oblained with cnare A dust than
with either fine red iron oxide (I-116) o1 ground iten ore. Coarse AC dust and ground non ore were uwd 1n
comparable pracedures (Procedure 13 type) and the comparisons may be vatid. The fine fed iron oxade t1-116) was
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TABLE 73. COMPARISON OF PROCEDURES 13- AND 19

Fuel: JP-5
Cerroswon inhibitor: 16 [b/Mbbt Sat -
FSil: 0.15%
Flement lot: FI 440
[ Tl Prectyl Procl0 : )
Performance . No.of [ Mesr | D {No.of | Nean | SD :
patameter
tests lests
- —
Dirt load at 20 psi, % 3 ‘tal1s3] 9 9 | 214 b
Dirt foad a1 49 po, % 3 najisz) o 10 | 222
Avg AEL rating. my/% 3 0| as| 9 2| 14
Max AEL mating. mg/e 3 aj9ol 9 4| 23
Avg solids content, mg/¢ 3 Joxjort| 9 loosfoos
Max <olids content, mg/¢ 3 fo3sfore| 9 jomn joic
Ag Totamitor 3 6} 98 9 af 0
Max Totamitor 3 i 4 |5%66]| 9 1] 18
L A

TABLE 74. COMPARISON OF PROCEDURES 13-J AND 13-N

Fuel: JP-S :
Corrosion inhibitor: 16 fb/Mbbl R
FSII: 0.15% :
Element lot: F1 440A
Pro: 13.J Froc 13N
Performance No.of [Mean | SD |No.cf ] Maan | SD |
parameler fests tests
. Dirt load a1 20 psi. % 3 105 ;5.7 3 107 1272

Dirt load at 40 psi. % 3 12 (131 ] 2 113 {207 |
Avg AEL rating, mg/€ 3 27 {219 3 13 2 C . -
Max AEL rating, mg/? 3 68 554 3 24 {110 . .
Avg solids content, mg/€ 3 320 j1.R6 3 190 t1.84
Max solids content, mg/? 3 7.7¢ |536 3 568 | .40
Avg Totamitor 3 10 | 45 3 6} 79 _ .
Max Totamitor 3 69 514 3 29 {338 K

TABLE 75. COMPARISON OF MEAN ELEMENT
PERFORMANCE PARAMETERS FOR PRO-
CEDURES 13-J AND 13-A TESTS

Parameter valu~s for Level of
Perforniance indicated procedures® significance of -
parameter 135 13-At difference in

Mean | SD | Mean | SD mean, %
Element wt gain. g 129 8. 202 16 <0.1
% Pirt at 20 psi 62 3.4 91 10.4 <0.1
“ Dirt at 40 psi 63 47 108 | 245 <0.r
Avg AEL. mg/® 7] 24 15 1 243 >50 )
Max AEL, mg/€ 14 45 27 | 410 25-50
Avg solids. mg/? 0.19 0.10 | 0.59 1.20 25-50
Max soligs, mg/€ 057 | 045 | 220 | 4.67 25-30
Avg Totamitor 0.’ 04 61 129 2550
Max Totamitor 2 1.0 20 | 442 25-50 -

. !

Al tests conducted on clay-teeated JP-S tuel with 16 Fb/Mbb! Snt + 015/ FSH
wing BB ot 468 ciements.
+Hive tests.
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used in only four tests bisted @ the table 2:d threr of these vere mr acooedsme to Proveders 12 wiich = essemnnlv
the MIL-F8901A red roe oxide evminen (Tshzry™} tesz. Hemoo. cormsurisoes betwess ragiis from tasix Ry
coarse AC dast 2nd £ne red ron oxids zre probebiv Lot abd

Tabie 77 indicates thyt mean sverage soiids comzznt was sigs oty HNgher with fine Mo with coerse AC
duit. This seems reasonable ard may be valid since there ate adeguate pumbess oF tests & 2ach case and the ™ac
dusts were used in comparable test procedires. Ocher indEcstices peowided by Table 77 2re peobably not a5 vasd.
and ir some cases are contredictory i differences in conizminz=t partad size. For exampde. the resulss indicare that
higher solids contents were cbtained in tesis with coarse AC Juet than in tesis with 3 mixture of 3% fne and S0%
coarse AC dust.

13. Special Tests

a. Gerneral

During the course of filter-separator testing, 2 hinited numoer of a5y pical tesis werz paformed. Some
were one-of-a-kind tests performed during procedure deweropment. Others were iests performed Juring special
evaluations. And, <till others were iests periormed on defective elements. Due o the uniqueness of these tests.
resuits obtained were deleted in computer analysis. They. therefore. do not influence. in any way. results cbiained
from stat:stical analyses of normal tests.

79




T

TABLE TX LMW TEST PROCEDURES 5  Unrepeated Tess

USED ONCE
A sember of tests performed either during procedwre
T development or during special svaiuations wese rue once by a
C Paxebone givea procedawe and wese not cepeated. These issts are listed in
Table 78,

[ -

s 3 Somc i

e 1@

t :: : Due iz the program reported herein, three Bowser

oy " Sher-separator sfemeats® which kad been in service at Andrews

st ' AFB were examined. A: Andrews AFB. considerable difficulty

N T had been experienced with premature plugzing of elements. At

: ; the wme of receiving the three eli.ents, it was the opinion of

T Propalsion Ladoratory persormel that the plugging might be

": : atirinred o excess plug vaive grease getting inte the fuel. Con-

o viee sequenidy. it was considered desirable to run specia: loop tests in

oS O i St X 3 e e S a2 which plug walve grease was injected. In the course of studying

;;‘ ﬁ::ﬂ:::;‘mwk'ﬁr this proklem. several types of tesis were performed, as described

TG e M o mater e in the porzgraghs that follow.

o e e % T 12 M AT Visual examination of thwe used elements from Andrews

2

T e e st s . AFB revealed several small particles of soft greaselike, browrish
3T ek ark wc e ot e BT Sk : exterial. Seme of these perticks werz collected and turnished to

the Propulson Laboratery for further examination.

The clewerts o hand weve tested v the pressure-check frough at 2 flow rate of 20 gpm of JP-5. with
the foBosuag resaRs:

No_ I: 'a3ps
No - 20026
No. 3: i3 6ps

Bleowst 30, 1 was Semned by inrnersion in isopropancl for 24 ., after which 2 recheck on pressure
&op 2t nied fa2 Tow mdicated 3 psi. Evidently. the sopropanol remered most of the material that had plugged
1ke elemern: mn service. The issoropenol ustd in cleaaing the element was found 1o contain 1 o 2% glycerdl.

Eemen: no. 2 was lested asteceived. in loop iesi no. 299, using cfay-treated JP-5 contzining 0.15 vol %
FSII bui oo oomrceion inlubitor. Ths fuel zave WSIM values of 92 to 95. The loop test was run as a straight
coalescence test withoui 2ay solids injection. The test scheduie imciudsd 30 nin at 20 gpm with 0.01% water
mpection. then three 10- to 135min periods with 1% water injection while the fuel flow rate was set successively ai
20. 15, and 10 gpon. and Sally 2 recheck op pressure drop at 20 gpm without any water injecion. The coalescing
perforome was very poce. Al AFL samples iaken dusiag water injeciion indicated free water contents mn excess of
20 mg €. most of them far above 26. Efflusnt Totamitor readings ranged from 10 to 100. The diiferentiz! pressure
sartad 2@ 238 g but Bad ncreased 10 251 at the end of the !5-mm pre-test period. before any water had been
impecied. The differeniial pressure continued io sise during the test, dropping back when flow rate was decreased.
Toe final check 2t ™) gpm. withou! ater mjection. indicatec a differential pressure of 29 5 psi.

A sew Bowser element (similar to those used at Andrews AFB) was checked for the effect of plug valve
grease in a series of four tests. rus. 300A through 300D. using ciay-treated JP-5 (G.15% FSII; throughout the series
without intermedie clay treziment. Fuel WSIM vaives ranged from €1 to 98. The first test (300A) included the
injection of some 45 g of MILL4032 piug valve gre:se into the influent fue) stream by means of a grease pun.

*Bowses A-13573 demenits. mAitary+tandard type.
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About 15 g of grease was iniected over a 30-min period, after which coalescence was checked by successive water
injections 1t .01 and 1% of fuel flow The second grease injection (about 31 ) was perforined over a 30-min period
while 1% water was being injected. The grease injection did not degrade element performance to any serious extent.
The ditferential pressure increased to 7.8 psi from an initial value of 4.4 psi. Totamitor readings were zero through-
out, and the highest content of fiee water in the effluent was 7 1o 8 mg/? according to the AEL ratings. Effluet
sclids contents were higher than normal. ranging from 0.70 to 0.99 mg/Q. After the test series was completed, the
element was found to contain small, uniformly distributed particles of grease inside the perforated metal core.
Subsequent tests in this scries were run on the same fuel, reblending to 0.15% FSII for test 300B but omitting the
FSI1 makeup in the last two tests, Tests 300B, 300C, and 300D inciuded periods of fuel flow without any water
injection, as well as water injection at 0.01 and 1%, but did not include any further injection of s0lid material. In
each test, the differential pressure remained Lalow & psi for a 20-gpm flow rate; in test 300D, the differential
vressure rose to 10.8 psi during a period when the fuel flow rate was 30 gpm. Coalescence was only fair, with AEL
ratings generaily near 10 mg/2 but occasionally as high as 18 to 19 mg/®. Solids contents were low, ail below 0.4
mg/%, and effluent Totamitor readings vwere zero throughout.

The series of tests just described, run on a new element, failed to reveal any severe plugging or serious
degradation of performance when 46 g of this particular plug valve grease was injected into the influent fuel.

Tests 501 and 362 were run with injection of Walworth No. 1 plug valve sealant, which is a relatively
hard stick-form grease that is in use at Andrews AFB. In test 301, the element was the isopropanol-cleaned element
recovered from an Andrews filter-separator. The injection of 57 g of grease produced only slight plugging, the
differential pressure increasing from 6.2 psi to 8.5 psi. Coalescence was very poor; several of the AEL ratings were
far in excess of 20/2. In test 302, using a new element, 75 g of grease was injected, again with litile plugging effect
(initial differential pressure 4.2 psi, final 6.1 psi). Coalescence was excellent, all AEL ratings being less than 5 mg/%.
Effluent solids contents were low in both of thesc tests. Examination of the elements after test revealed that
essentially all the injected grease had collected in a mass at the top of the perforated core of the element; hence, the
lack of plugging effect is not surprising. :

Tests 303A and 303B were run successively on a new Bowser element, using the same JP-5 fuel used in
previous tests, without any clay treatment or makeup of FSII. These tests were run to determine whether injection
of glycerol along with coarse AC dust would plug the elemert. Starting with an initial pressure diffetential of 4 psi,
the iniection of 4000 ml of glycerol along with 29 g of coarse AC dust produced a differential of 19 psi. This
dropped to 9 to 10 psi in subsequent periods of fuel flow and water injecticn (0.01 and 1%) and thexn to 5 psi after
shutdown and restart. Next, after another shutdown, coarse AC dust was injected up to a differential pressure of 20
psi; this required 314 g, or a total of 343 g counting that injected previously. Subsequent injection of 670 ml of
glycerol over a 5-min period increased the differential to 25 psi, which remained substantially constant during a
30-min water injection period (1%) that followed. Coalescence was satisfactory during the water injection periods.
Soids contents of the effluent samples ranged up to 0.73 mg/€ during the initial injection of glycerol and solids. but
remained below 0.2 mg/® in subsequent operations. During the two periods of glycerol injection (at 0.09 and 0.18%
of fuel flow), it was observed that most of the glycerol was coalesced and crawn off the bottom of the test housing.
Examination of the pressure-differential curvcs for these tests suggests that the glycerol causes a buildup in flow
resistance but subsequently “works through™ the element so that the pressure differential drops off again. The
combination of glycerol and coarse AC dust does not give particularly severe plugging. With a totai of 343 g of dust,
which is about 170% of the nominal dirt-holding capacity of the element, the pressure differential was only some 25
psi. Thi. may be contrasted with the plugging behavior of coarse AC dust in tests on JP-5 fuel containing corrosion
inhibitors, where the element seldom accepted much more than 200 g (100% rated: capacity) without exceeding the
plugging limit of 40 psi.

Thus, it was not possible for this limited series ur tests to establish a rrobable cause for the plugging
problenis encountered at Andrews AFB. Since a wash in isopropanol did “unplug” one of the Andrews elements. it
is evident that organic material contributed to the plugging, and the presence o! glycerol was established.
Attempts to duplicate such piugging in short-term tests with glycerol or plug valve grease were unsuccessful.
In the field, orgsnic materials derived from the glycerol component cf FSII, from the plug valve grease, or
from interactions of these materials with solid inorganic contaminants and fucl gums may be the cause of
premature plugging failures.
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d.  Tests on Defective Elerients

Several tests were rur on elements which had manufacturing defects or which had been damaged during

inataliation. Also, one test was run on an element which had been cut away for visual observations. These tests are
listed below:

Element
Test no. identification Remarks
57 FI Lot 286 Excessive initial preesure drop (45 psi)
not numbered FI Lot 286 Excessive initial pressure drop (10 psi);
this elemient was replaced and the test
restarted. ,
o8 FI Lot 440 Element crushed during installation.

107 FI Lot 440 Element sectioned for observation.

113 FI Lot 440 Element had broken end cap.

225 FI Lot 465 Element’s filtration and coalescence
performance was setisfactory, post-test
examination revecled split.

229 FI Lot 465 Element’s filtration performance was

- satisfactory; coalescence was poor;
post-test examination revealed large
bulge on element.

L In test 57, after cnly 4 min of fuel flow at 20 gpm with no solids or water injection, the element AP had
increased to 45 psi and the test was terminated. Subsequen? weighing of the element indicated no significant increase
in weight, and no explanation for the unusually high initial differential presiure could be formulated.

- Shortly after test 57, another excessive initial differential pressure (10 psi) was-observed. In this case, the
results were not assigned a test number; the element was replaced and a numbered test was run.

he element used in test 98 was inadvertently crushed during its installation in the test section. This
resulted in excessive free water passage into the effluent, and the test was terminated after 40 min. This element was
not subjected to contamination by solids.

Test 107 was performed on an element from which had been removed several sections of varying depths
in an effort to visually observe che actual function of the element. This investigatiot. proved impractical due to the
poor coalescence and filtration capability of the sectioned element, and the test was terminated after 30 min.

Results obtained in test 113 indicated element defect; the test was terminated after 36 min. The e'ement
was sectioned immediately after the te:t and found to have a partially broken end cap. Large amounts of AC dust
were visible at the site of the break, and it was apparent that significant amounts of test-fuel contaminants were
passing through the element at this point.

The element used in iest 225 exhibited generaily satisfactory performance during the test: maximum
solids content 0.16 mg/€, maximum free water content 8 to 9 mg/¢ and maximum Totamitor reading 1. Post-test
examination revealed a longitudinal split (about 10 in. lony) along the line of mold conjunction.

In test 229, eleraent performance was sutisfactory except for passage of excessive free water (16 to
17 mg/2) at the end of the test, Post-test examination revealed a large bulge at one end of the element.

Of the aforementioned seven elements, five exhibited defects which are considered to be manufacturing
defecis; all were Filters Inc elements. At least 233 Filters Inc elements were used in this program and, thus, the
percentage of observed and re:orded defective elements is 2.1%. However, it is believed that some obviously
defective elements were discarded without being tested and without being recorded. Herce, the percentage of
defective elements was probably higher than given sbove. Of the elements of other manufacturers, the number
tested was insufficient to provide any information on the incidence of defects.
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14. Repeatability of Filter-Separator Tests

A question of great interest in filter-separator testing is tie following: How repeatable are the filter-separator
test results? An attempt will be made to answer this question by using res s from the most replicated combinations
of test conditions. Four groups of tests having nine or more replicate tests are identified in Table 79. Means and
standard deviations for nine different performance parameters from these tests are also given in Table 79 along with
the boundaries which would include either 95% or 50% of the test results. The 95 and 50% boundarics were
calculated as 1.96 X SD and 0.675 X SD, assuming that the distributions of the measurements are normal. The
results in Table 79 give a fairly good indication of the repeatability obtained in the Al/SS loop tests and shculd

provide an estimate as to the sort of repeatability one might expect iu similar tests run in the future.

TABLE 79. REPEATABILITY SUMMARY FOI: PERFORMANCE PARAMETERS

Enle:::t % dirt load AEL rating, mg/% Solids, mg/¢ Tot reading
g "1 20psi | 40psi Avg Max Avg Max Avg | Max

Fuel A*, element FI 286, Procedure 10, no. of tests 15
Mean 195 87 %9 7 2 0.04 0.08 0 0.8
SD 303 16.5 17.1 2 3.2 0.04 0.10 0 1.5
95% boundaries | 136-254 | 55-119 | 66-132 | 0-59 | 0-8.3 | 00.12 0-0.28 0-0 0-3.7
50% boundaries | 174-216 | 7698 88110 | 0.7-3.3 | 04.2 10.91.007 | 0.01-0.15 | 0-0 c-1.8
Fuel A*, element FI 440, Procedure 10, no. of tests 9
Mean 209 91 119 2 4 0.05 0.11 0 1
SD 38.6 214 222 14 23 0.05 0.10 0 1.8
95% boundaries | 134-284 | 49-133 | 66-153 | 04.7 {1285 |00.15 0-0.31 0-0 0-4.5
50% boundaries | 183-235 | 77-105 }65-125 | 1.i-2.9| 2.4-5.6 | 0.02-0.08 | 0-0.30 0-0 0-2.2
Fuel B*, elemznt FI 465, Procedure 13-A, no. of tests 9
Mean 240 11s [ 120 T 10 19 0.10 C.20 0 1
SD 50 25 24 4 5 0.04 0.12 0 1
95% boundzries | 142-338 | 66-164 | 73-167 | 2-18 9-29 0.02-0.18 | 0.00-0.44 | 0-0 0-3
50% boundaries | 206-274 | 98-132 | 104-136| 7-13 16-22 |0.07-0.13 | 0.12-0.28 | 0-0 0-2
Fuel C*, element FI 465, Procedure 13-4, no. of tests 9
Mean 239 116 121 21 45 0.17 0.32 1.9 11.0
sD 73 37 39 16 41 0.05 0.11 2.8 18.7
95% boundaries | 96-382 43.189 | 45-197 | 052 0-125 | 0.07-0.27 | 0.10-0.54 | 0-7.4| 0-47.7
50% boundaries | 190-288 | 91-141 | 95-147 10-32 | 17-73 | 0.14-0.20 | 0.25-0.39 | 0-3.8| 0-23.6

*Fuel identification:

A. IP-5 + 16 1b/Mbbl Snt + 0.15% FSII.

B. Clay-treated JP-5 + 16 Ib/Mbbl AFA +0.15% FSII.
C. Clay-trsuted JP-5 + 20 Ib/Mbbl RP + 0.15% FSII.

The data in Table 79 can also be used to calculate the estimated number of tests required to estabiish that
differences in parameter means for two groups of tests are significant at whatever level desired. It should be
understood that the results of such calculations are estimates and serve only as guides during the experiment

planning stage. More axact calculations to determine leve! of significance would have to be made using the test data,
thus providing a more accurate messure of the standard deviation of the new groups of tests. Suitable equations for
these calcuiations are given in Reference 10. '
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Suppose that it is desired 0 determine if there is any diff ger ¢ etween the percent dirt lcad at 40 ps for
JP-5 + 16 Tb/Mbbl Snt + 0.15% FSIU and that for JP-5 contain’r, » new corrosion inhdbitor, wsing Procedcre 10
with Filters Irc elements in both sets of teste. How many tests wo 1] be required to detect a difference of 10% i
dirt holding capacity that would be significant 2t the 5% Lesel? In Jrder to calculate the required nssiber of tests,
if will be assumed that the standard deviations of the parwmete s of both groups of tests are the sxme. For this
example, the standard deviation of the percent dirt load .. 40 psi for fPS + 16 Ib/Mbbi Sat + 0.15% FSlI
run accordieg to Procedure 10 is 17.1%.

Ths required number of tests can be determined by the eqnation(m) '
n=(uqg +up)*/D?

where D(= 6/0) is the difference it is important to detect, expressed as a multi de of the standard deviation, and vy
and ug are the deviates of the normal curve which cut off singe-tailed aress of @ and . The ferms 2 and 3,
respectively, represent the risks of asserting a significant difference when none exists and asserting that no difference
exists when in fact there is a difference of sufficieat magnitude to be of practical importance.

The _quation given above is for testing one-sided differences; that is, one of the means will siways be greater
than the other. For the example under consideration here, the means can deviate i either direction. Hence, 2

t-o-sided test is called for. This test can be accomplished by substituting for uq the deviate corresnonding to an area
of 1/2a. The calculations are shown below:

n=(ugy; +up)*/D?
= (1.96 + 1.54) {10/17.1)?
=378

Thus, 38 tests would be required to detect, with confidense, a difference of 10% between the means of percent dirt
load at 40 psi for the two fuel blends.

It is unlikely that 38 single-element loop tests would be run for such a purpose. The table which follows lists
other numbers of tests for different values of D.

No. of
D tests
0.5 52
10 13
1.5 5
2.0 4

Thus, a suitable number of tests, say 6, will detect a difierence of § = 1.5 (17.1) = 25.6% between the means of
percent dirt load at 40 psi for the two fuel blends.

It is also possible to reduce the number of tests required by accepting differences at a higher level of risk (less
significance). In the example just cited, the standard deviation is an appreciable fraction (17.1/99) of the parameter.
If the test procedures or measurements can be refined to reduce the standard deviation, larger values of D can be
used and the required number of tests decreased while still detecting significantly the same difference in means. -

15. Suggested Plan for Acceptance Tests

The subject of test repeatability, ciscussed in the preceding subsection, is closely related to filter-separator
element or corrosion inhibitor acceptance testing. A test plan similar to that discussed could be used for acceptance
testing. However, another type of test plan, and perhaps a more efficient cne, would utilize sequential tests of
significance.
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A sumber of sequentipl test plras for varions sitmations are described I statistics books (for example see
Reference 10). Here oaly one type of pha will be presented as 2n example of how such 2 plan might he put into
peacice.

Soppose that it is desireé 0 Gevelop an acceptance test plam for corrosion inhibitors. For the sake of
simmplicity. supposs the performance parammeter of interest is percent dint load at 40 asi. that chay-treated JP-5 is the
test foel, 3nd that tests are sus according 10 Procedure 13-A. (The foregoing condtions were all selecied merely to
ilustrate the apghication of the sequeential test ptan )

The sequenth” method weed here involves testing for 2 Efferenc: i meas valee wher the standara deviation is
knowr{19). For cor_senience. 2 stundard deviation of 20 will be wsed in cakcuhations whick follow. The method
involves deti=nvmg the location of tv0 parallel Smit Enes ca a plot of cemulative total of percean dirt load versus
pember of 08 ;ations. As testing prooceeds, pomts are plotted and testing consinues until 2 point fafls outside the
Emit Banes.

The equations necessary 10 determere the Emits are:

—bo*
AR
a6
h,=—
3

where h, and h, are y-atercepts of the lower 2nd upper boundarniss. & i the known or xsumed standard devistion.
$ is the difference which it xs impostant 1o detect, and 2 and b are terras rehited te probabilites @ a6 2. The terms 2
2nd b are calculated as follows:

-2
5
The factor o is the probability of asserting 3 ggrificant difference when none exisis {ia this ~xample 0.05):and £ s

the probability of asserting that no difference exists whee there is 2 difference of suifiGent magnitude o be of
practical importance (in this example 0.05).

b<h

The slope - © the limit lines is calculated by means of the equation: below:

1

s=p, + I d
where p, is the standard value (in this case 100) against which observstions are compared and 3 is the Jifference
which it is important to detect (in this case 10 has been selectad arbitranily). Resulis of lvulztions are as follows:

—bo? -2.94(20)°
= = —=-1176

T
ac®  294020)°

) 10

117,

1
s=po+;6=100+5=105
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{ ' . . v Y  resuiting limit Enes are shown ia Figure 9,
/ -—~ag with data ploticd for tests can theee dilfereat
/ : cosrosiort fehibitors tut on the ame elemeotr 2g
1 ol / ¥ 1 awording to tke ssme peocedure. k= Figars 9, tvo
4 ———a - / / I coxosikn inhibitors are #mdiceted as deing accepted
i J / wheea tae third s on the verge of being rrjected.
; T sope and the spacing of the bnes sre depeacent

on factors which st he selected, at least initally,
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~

; ! o by mdyment. M factors mede .thc plpba&:tiu
: - ; A amdﬂ.lhed:ﬁemmr&._md.nfnhsnotbem
;_ i :1'/ {  measored, the standard desiation 0.
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3 The foregoing exsmpk B intes the rebtive
for 1  simpliccy of thir soquential tost plac. Similar plans
H an’ comrespoeding riots cotdd be poeperea for use
xi'h any of the periomminze paameiers ot for
i.. Carrms 2.3 1 snEiation testing of fltersegamto: el ments. This
v Atnas rbn is bizec on the sssumption dat i standard
Gevation 3 Imown. Somevhat sinar tet plenc have
been designed(’®} which are appiicable where the
« ] standard Gevistion s not kmcwn. These §lms are
* MM ArS + ANRFEX shightly more complicsted 15 set up but once im ooer-
::::‘:::: atien 3 cumvhabve function of the test data
= ‘ Plotted apainst munber of tesis: whenever the plot
goes outside the boundaries 2n accep! or roject deci-
sion I+ indicated.
: a T
e The exaraple just given is intrnt to be imerely
mdicative of aa approacs. that wou'd provide for an
FIGURE 9. EXAMPLE OF GR \PH FOR economical and cbjective method of Jualifyinz filter-
SEQUENTIAL TEST DECISICNS separzior elemenis nd/or additives. Actuyl slepes and

spacicg of Bmit haes would be Leo. assigned afier
very careful consideration of the many 2spects and ramifications of ihic type of tasting. The data presented in
this report. especially the means and scndard deviatons of cata from the most replicated tes! conditions, can
seive 35 guidelines in formuiating senuenual or other statistivai te @ Jesgns.
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SECTION !
LOOP TEST CONCLUSIONS AKD RECOMMENDATIONS

1. Conclusions

Braed cn the loop test resulis given ard discussed in the preceding sectica, conclusions zre as follows:

Both VSIM disk stain size and color wers approciably iess for fuel blends made up with clay-treated JP-3
thar: for fuel blend. made up with untreaied JP-S.

WSIM disk stain si7e and color were less foi pos-test fuei sampies than for pre-test fuc! samples.

With respect 10 the 2ffect of 2mount of injection water used in a test on fuel quality parameters. c-nchusions
e as follows:

Negative correlation was obtained between post-test FSil concentration and amount of water injected,
e, FSil conceriration decreased as the amount of water iniected increased

Positive correlation was obtained between post-test WSIM and amount of water injec:ed, ie., WSIM
wahue increased as the amount of water injected increased.

There was no apparent correlation between either WSIM disk swain color or stain size and amount of
walzr incted.

With regard 10 coaeliions between fuel quality parameters (WSIM and IFT) 2nd element performanc:
parameters, coaclusions were as follows:

For tests grouped accomeing to test procedure, additive and additive concentration, fue! tvpe. and
element iot, comrelation between pre-tesi WSIM 2nd any of nine performance parameters was poor.
Where dight coreelation was impiied, the sign of the correlation ceefficient was opposite to wha: would
be expected. For the same zroups of tests, there was no indication of coi:elation between pre-test IFT
and any cf the elemnent performance parameters.

For tests grouped o1dy according to fuel type and element lot, somewhat better corrslation was obtained
beiween pre-test WSIM and four perfornmance parameters (percent din load at 40 psi, average AEL
rating, average solids conieni. and average Totamitor reading). Also, the signs of the correlation cozffi-
cients were, gencrzily. zs wouid be ¢xpected. For the same groups of iests, correlation between pre-test
IFT and ihe afcrementioned fourelement performance parametecs was better than for the mere
restricted tes: groupings.

No correfation was obtained betwesen WSIM and IFT values for tests grouped according to fuei ivpe,
additive, and FSIi concentration.

Stgnificant pnsitive correlation was obtained between pre-test WSIM and pre-test IFT when data from
tzsts on fuel withouat comosion inhibitors wese added to each group of iests described in the preceding

paragraph.

With r2gard to the effects of clay treatment of fiiel on fuei quality parameters and on performance of
filter-separator elements, conclusions are as folicws:

Clay treatment caused a significant incresse in the WSIM of uninhibited JP-5.

Fuel blends prepared ‘with clay-treated JP-5 ha ! higher WSIM values than did similar blends prepared
with untreated JP-5.
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&  Clay treatinent had o effect on the ievel Of IFT of JP-S fuel, either uninhibited or as biended with additives.

®  During sequences of tests on fuel containing corrosion inhibitor, followed by clay treating, and retlending
with cotrosion in 1ibitor, ciay treating was more effective in restoring high WSIM le~eis than high IFT levels,

¢ - There wa: no evidence that clay ireatraent reduced the variability of WSIM or IFT values of JP-5 fuel,
cither uninhibited or as blended with additives.

] Clay treatment Joes cause FSII to be removed from JP-S fuel; the amount removed is smalf and
gradually decreascs with successive uses of the clay canisters.

®  When fresh clay canistars zre used, clay treatment removes all the color bodies from JP-5, but in the
course of additional blending with corrosion inhibitors, testing, and clay treatment, fu:] color increases,
becoming essentizlly constant after 6 or 7 ciay treatments.

®  There was no evidence that clay treatment significantly improved the performance of filter-separator
elemenis nor that it significan:ly reduced variability in the measured performance parametess.

Viith 1egard to the effects of variations in injection water quality on element performance parameters, there
was 1.0 evidence that observed variations in water surface tension, solids content, or pH had any effect on measured
performance parameters.

With regard to the effect of variations ir: element physical parameters (element weight, element differentizl
pressure in the pressurecheck trough, and eleinent differential pressure at the start of testing) on element perfor-
mance parameters, conclusions zve as foliows:

®  There was no evidence of significant correlation between any of the three element physical parameters
and any of the element performance parameters.

®  Correlation between pairs of the three element phvsical parameters was generally very poor for tests
groeped according to element lot, test procedure, fuel type, and additives and additive concentration.

®  Very highly significant positive correlation was obtained between all pairs of element physical param-
eters when all six lots of elements from cne manufaciurer (Filters Inc) were considered together.

The results of a group of tests i.volving three different corrosion inhibitors (AFA-1, Santolene C, and Lubrizol
541) and elements from four manufacturers (Fiiters Inc, Fram, Bendix, and Bowser) indicated thz elements could be
ranked in the order of decreasing effectivencss as follows: (1) Filters Inc, (2) Bendix, (3) Bowser, and (4) Fram. The
corrosion inhibitors could be ranked in order of increasing detrimental effect as follows: (1) AFA-1, (2) Santolene C,
2nd (3) Lubrizoi 541.

On the basis of another group of tests run according to Procedure 13-A, using Filters Inc ~*..nents of a single
lot. and clay-treated P-5 plus 0.15% FSII plus one or another of six corrosion inhibitors, it was possible to rank the
corrosion inhibitors in order of increasing detrimental effect as follows: (1) AFA-1, (2) RP-2, (3) Toiad 244, (4)
Santolene C. (5) Unicor M, and (6) Lubrizol 541.

The foregoing rankings of both filter-separator elements and corrosion inhibitors are based solely on test
results presented herein. Hence, the rankings are not inferred to be universally applicable. Using other test con-
ditions. test procedures, and other batches of filter-separator elements and corrosion inhibitors the order of ranking
might be different.

Rather limited test resulis suggest that 6.15% FSII in JP-4 or JP-5 (either untreated or clay-treated) causes a
slight decrease in the fuel's WSIM vatue. No appreciable effect of FSII on IFT values of JP-4 or JP-5 was noted.

The extent of correlation between ten pairs of element performance parameters, based on results from tests
having the same fuel type, additive and additive concentration, FSII content, and element lot, was determined and a
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notiveable trend in correlation was observed iin only four cases: average AEL rating vs average Totamitor reading.
positive correlatioi, average Totamitor reading vs percent dirt load at 20 and at 40 psi, negative correlation; and
maximum Totamitor reading vs maxirnum AEL rating, positive correlation.

Very highly significant positive correlations between Totamitor readings and corresponding AEL ratings and
solids contents were obtained when data from all tests were lumped together without regard to test conditions.

Using results from tests grouped according to fuel and corrosion inhibitor, there was gond positive correlation
between average Totamitor reading and the sum of average AEL rating and average solids content. With all grouping
restrictions removed except type of tue!, very highly significant positive correlations were obtained between average
Totamitor readings and the sum of average AEL rating and average solid content, both for JP-4 and iP-5 fuel.

The general, but not extre:nely conclusive, indications provided by comparison of test procedures were that
element performance was poorer with finzr solid contaminants.

2. Recommendations

On the basis of test results and experience derived from the Al/SS loop tests reported herein, a nuaber of
recommendations have been formulated relative to test planning, test equipment, test procedures, test materiais, and
areas for future study.

With regard to test plaining, one recommendation is foremost. Test plans should be designed so that the
inferences drawn from the data can be subjected to statistical tests of significance. It 1s belizved that the siatistics
(means, standard deviation, etc.) reported herein can be used as guicelines in selecting numbers of replicate tests
such that differences in performance of elements of different lots or of different additives can be assessed at any
desired level of significance. Statistical test plans, particularly thoze based on sequential tests of significance, are
recommended as deing most satisfactory for acceptance testing of filter-separator elements or corrosion inhibitors.

The overall utility of these tesis can be increased, in genc:zl, in three ways: by increased réplicat‘ion of tests,
by reducing variability in test materials (filter-separator ¢lements, fuels, and additives), and by reducing vaniability of
paramcter measurements (free waier content, solids content, differential pressure, eic.).

Increased test replication can be effected by limiting the number of test procedures. element lots. and fuel
blends. .

Variability in filter-sepazator elements could be reduced hy eliminating those elements which deviate markedly
from the mean of appropriate element-quality parameters. At vresent there are only two easily measured, non-
destructive measures of element quality, namely. weight and elemsznt differential pressure. The establishment of
other easily measured, nondestructive, and meaningful element quality parameters would aid in reducing element
variability and, hopefully, provide additional parameters which might correlate with element performance.

There appears to be little hope of significantly reducing fuel vaniability from that experienced in these tests.
About all that can be recommended is that a sufficient supply of a given batch of fuel be on hand to permii running
all of the test groupings . a study of some factor or varisble. Some reduction in fuel varability over a long period of
time might be effected by the use of storage tanks made of corrosion-resistant metaly such as sluminum or stainless
steel,

A change in clay-treatment proceJure might also tesult in increased uniformity of test fuel over a period of
time and also permit running tests with various additives on 3 random basis The new provedure would entadl ¢ _y
treating 600 gal of iest fuel, blending with additives, runming one test, and pumping the fuel to a second storage
tank. Each test wouid therefore be run with fresh clay-treated fuel, and additrves could be different for successive
tests. An additional advantage of tha clay-treating provedure i that the test fuel 15 not being continually water
washed. Aiso, there is no possibility of a bulldup i the fuel of ponsdsosbable conitituents from the additives. Such
a buiidup could oecur using the present clay-tieating procedure, in which additne s removed after each test by clay
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treating the test fuel. It is assumed that clay treating removes all the cor: ssion inhibitors, and, on this basis, fresh
additive and makeup fuel are added prior to each test. The validity of this assumption is open to serious question. In
a series of 10 or 12 tests on fuel with the same additive, it is very possible to have a buildup of those constituents
which are less adsorbable. An indication of such preferential buildup is atforded by the fact that, in the tests
reported herein, JP-5 fuel was rendered colorless (“water-white™) by innic' clay rreatment; but with successive cycles
of blending with corrosion inhibitors, testing and retreating, the fue! reverted to ts normal yellow color.

Wiih regard to maintaining uniformity of additives over a long period of time, it is suggested that ample
additive be obtained prior to start of a test program and that additive storage should be such that deterioration of
the additive is minimized. For example, certain corrosion inhibitors are not homogeneous, and the insoluble con-
stituents settle out; this could be prevented or minimized by subzero storage. Such storage would also minimize
solvent evaporation losses.

The variability of measured element-performance parameters can possibly be reduced in some cases as dis-
cussed in the following paragraphs.

Some reduction of the variability in free water content as indicated by the AEL free water detector method
might result from the develupwnent of an electronic, automatic device f>r rating AEL pads. Variability in measured
solids contents could be decreased if improved membranes were availabie. The currently used membranes are
adversely aifected by free water in the fuel. This may account, in part, for the {requent indications of negative solids
contents.

It seems possible that more quantitative information might be derived from Totamitor readings. Correlations
between Totamitor readings and fuel contaminant content could be obtained for free water and for each type of
solid contaminant used. These correlations could be sought at conditions (fuel temperature, pressure, and flow rate)
generally used in these tests. It is anticipated that the Totamitor or other instruments based on opticai measurements
can never be highly quantitative because of the effects and interactions of factors such as turbulence, fuel additive
content, and combinations of water and solids contaminants. However, it does appear possible to increase the utility
of the Totamitor readings taken with the same instruments, under uniform test conditions, and using a limited
number of known solid contaminants. For purposes of economy, the foregoing Totamitor correlation experiments
could be run in conjunction with correlation of dirt-feed systems.

The effects of various additives, as well as correlations between fuel quality parameters such as WotM and IFT
and between fuel auality parameters an element performance parameters, could all be studied in a program wherein
tests were run using additive-fuel blends ranging from zero additive concentration to the maximum allowable, or
even higher. additive concentraiion. Such a program should provide a wide enough range of data to permit detection
of any real correlations between the various fuel quality parameters and element performance parameters.

Additional information about filter-separator eiement performance might be provided by & standard method
of dissecting. examining, and assigning quantitative ratings of elements ufter testing.

The effects of element physical parameters such as weight or density could be studied by using specially

fabricated elements. These would be fubricated frem single lots of raw material and by a single manufacturing
procedure. but the amount of rew material in the ndividual elements could be varied in & controtled manner.
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SECTION Vil
SMALL-SCALE COALESCENCE STUDIES

1.  Introduction

The ability to coalesce free watzr in fuel is one of the most important functions of a filter-separator element.
Yet, the mechanisms of coalescence are not well understood and the development of filter-sepurator elements which
effectively coalesce water has apparently proceeded on an empirical basis. A more complete understanding of the
mechanisms and factors involved in coalescence zhould make possible a more rational approach to filter-szparator
element design and eventually filter-separator elements with improved water-coalescing capabilities.

The methods of studying coalescence phenomena range from very fundamental investigations involving
detailed observations of individual water droplets and sites of coaiescence to the fabrication and testing of full-size
elements.

Neither of the two extremes of experimental method was suited to the facilities or personnel availabie for
studying coalescence under this program. Uonsequer.ily, an intersiediate approach which migh: be termed a “small-
scale empirical” study was undertzken.

It was elected at the outset to study coalescence only, reserving the study of complications resulting when
coalescence and filtration occur simultaneously in the media bed until such time as the coalescence phenomena were
more fully understood. The effect of variations in coalescence media parameters (media thickness and density) was
the subject of the work reported herein. An experimental apparatus was designed and fabricated which provided
controlled, once-through flow of fuel and water, a means of dispersing water in the fuel, a cell which contained
coalescence media, a fallout chamber for observation of coalesced water drops, and a means of detecting free water
content of the effluent fuel.

2. Experimental Apparatus, Materials, and Techniques
a.  Apparatus

Before describing in detail the small-scale coalescence apparatus used in the experiments reported herein,
examination of the design considerations will be useful.

Versatility was one of the primary design considerztions. An apparatus was desired which would permit
the controlled variation, over wide ranges, of the parameters of importance to coalescence of water from fuel. These
parameters include those pertaining to the coalescing media, the fuel, injection water, and flow conditions.

Coalescence media para:neters of importance are as follows:

Material

Particle size (fiber diameter, particle mean diameter, or other suitable measure)
Pore characieristics {dimensions, dittribution) |

Density

Thickness

All of these parameters are intercelated and are primarily chatacteristics of the media itself. The media used in these
experimers will be described in the foilowing section of this report. Media thicknesa is the only one of the
aforementioned parametets that is directly dependent on apparatus design.
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- The coalescence cefi, showm = Figare 10, was
designed 10 acoosmnodate 2 wide sange of media thicknesses and,

- } ziso, 10 permit the use of several layers of difereat meda, with

mdependent coatral of the thickness and density of =nch lyer. A

variety of spacers and screen suppocts mak: sossible dhe iesting

NREREN wat  of media in thicknesses ranging from 1/16 to i m, & 1{/164a

- AN JTT—I-] increments. Also. several media hiyers of various tscknesses, with
’;/(/ 1 the layers seperated oc contigous, can be tesicd.

// - Several alternate desiggs, differing bodh ia principles

and details, were considerr 1 at various stages in the development

Somac of the appanitus. Gne of th= principal differences in theye designs

Soreen Suppnt was the means of driving the fuel and mjection water. The two

. test fluids can be driven either by pusnp or gas pressure or by

FIGURE 10. COALESCER combina:ions of the two. '
CELL ASSEMBLY

The use of a pump has three disadvantages. Prerure

fluctuations are associated with certain types of pumps, for

example, piston pumps. The generation of frictional heat within the pump may be troublesome in some cases. Wear

debris from the ump might affect the coalescence characterictics of the media. The later problem would be more
serious in tests where filtration was being evaluated.

Gas drive systems have none of the undesirable attributes just described for pump systems, but instead, a
mre serious drawback, at least for this application. At any point in the system where the pressure is substantially
less than the driving gas, bubbles wili be formed by gas =volution.

In a coalescence test apparatus such as the cne being described, the bubble release region is likely to be
in tt+ coalescence media, which would affect the coalescing process, or at the system exit, in which case the bubtles
might interfere with the detesmination of the free water content of the effluent fuel. As will be seen later, the
system selected uses low-pressure helium to drive the fuel and the water to a pump-type homogenizer which provides
the pressure needed to force the fuel-water mixture through the system.

Another major function of the apparatus which can be performed in several ways is that of dispersing
the free water. In principle, three methods zre feasible: stirring or other mechanical agitation, agitztion by ultrasonic
vibrations, and dispersion dy fluid turbulence such as that present in and immediately after an orifics. The apparatus
selected for the combined functions of water dispersion and fuel pumping was a Manton-uaulin Laboratory Homog-
enizer, Model 15M-8T A which combines a single-piston, high-pressure, 15-gph pump and an adjustable orifice.

The version of the small cale coalescence apparatus used in these tests is show.- in Figure 11. Helium
pressure {20 psi) was used to drive the fuel up to the inlet of the homogenizer. Helium pressure (40 psi) was also
used to drive the injection water up to the homogenizer inlet. Details of the fuel and water entrv arrangements are
shown in the Figure 11 inset. A rotameter was used to measure water flow rate. The inlet fuel flow rate was that of
the homogenizer pump (0.25 gpm). An accumulator connected to both the fuel and water lines served to damp out
pump-inguced flow fluctuations and permit measurement of water injection rate. Another accumulator, just down-
stream of the homogenizer, limited pressure fluctuations to + | psi at the coalescei cell inlet.

The homogenizer is designed to operate with high differential pressures across the orifice, on the order
of 500 to 4000 psi. In the early stages of equipment checkout, it was found that normal operation of the
homogenizer resulted in pressure and flow pulsations that were very difficult to smooth out, as well as excessive
heating of the fuel and extremely fine dispersion of the water in the fuel. Subsequently, the homogenizer pressure
was held to about 100 psi, which improved the operation considerably.

Test fuel temperature was regulated by means of a manually controlled, water-cooled, concentric tube
heat exchang.r downstream of the outlet accumuiator. After the heat exchanger, the fuel-water mixture vas divided
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FIGURE 11. FLOW PLAN OF SMALU-SCALE COALESCENCE APPARATUS
into two streams.* Four-fifths of the mixture was diverted through a discard line. Mounted in the discard line was a
safety relief valve and a back-pressure regulator. Flow rate through the discard lin2 was monitored by 2 rotameter
but was not controlled.

The test fuel-water mixture, the remaining one fifth of the mixture, passed through the coalescer cell
and into the transparent settling chamber. Flow rate of the test fuel-water mixture was controlled by means of
needle valves downstream of the settling chamber. In all tests reported herein, the flcw rate through the test section
was 189 mi/miv (0.05 gpm). Coalesced water was collecied in the settling chambes. Fuel and any uncoalesced water
passed cut the top of the settling chamber. through a rotameter, and then either through a discard line or an AEL
pad holder. The coalescer and settler were held under pressure (downstream flow regulation) to avoid gas evolution
in these sections.

The major components of the small-scale coalesconce apparatus are more fully identified as follows:

L Two-stage helium regulator, 100-psi outlet, Harris Calorific catalog No. 92.100A-590

®  Two-stage helium regulator, 250-ps: outlet, Ha:ris Calorific cntalog No. 92-250A-590

[ Fue! reservoir, 15-gal, 316 stainless steel

¢  Water reservoir, 150-ml, 316 stainless stesl

@ Manron-Gaulin 15-gph laboratory homogenizer, Model 15M-8TA

All plumbing, valves, a